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DETERMINATION  OP  THE  REFRACTION 
OF  THE  EYE  BY  MEANS  OF 
THE  OPHTHALMOSCOPE. 


EDWARD  G.  LORING,  M.D.,  NEW  YORK. 


If  the  ophthalmoscope  was  one  of  the  most  brilliant  inventions 
ever  known  to  medical  science,  it  was  certainly,  also,  one  of  the 
most  complete,  for  the  very  method  first  proposed  by  Ilelmholtz 
still  remains  by  far  the  most  beautiful,  comprehensive,  and  truth- 
ful of  all  the  means  yet  in  our  possession  for  the  exploration  of 
the  bottom  of  the  eye. 

As  a  knowledge  of  this  method — that  by  the  upright  image — 
is  absolutely  necessary  for  the  determination  of  the  optical  condi- 
tion of  the  eye,  a  few  words  as  to  the  manner  in  which  it  should 
be  performed  in  general,  may  be  of  service  to  the  reader  before 
proceeding  to  the  more  difficult  task  of  determining  in  a  given 
case  the  nature  and  exact  degree  of  refraction. 

The  position  of  the  patient  and  examiner  is  not  without  im- 
portance. The  observer  should  sit  well  to  the  side  of  the  patient, 
and  on  the  side,  of  course,  of  the  eye  to  be  examined.  If  the 
right  eye  is  to  be  examined,  the  patient  should  be  directed  to 
look  slightly  towards  the  right ;  if  the  left  eye,  then  towards  the 
left. 

In  fact,  the  directions  are  exactly  opposite  to  those  given  for 
the  inverted  image,  and  just  the  contrary  from  what  are  usually 
laid  down  in  the  books. 

This  position  in  the  examination  throws  the  optic  axis  away 
from  the  median  line  and  places  the  optic  nerve  just  opposite  the 
pupil,  and  allows  the  observer  to  approach  very  near  the  observed 
eye  without  bending  too  much  over  the  person  examined. 

The  observer  must  learn  to  use  either  eye  and  either  hand  as 


4 


Refraction  of  the  Eye. 


occasion  may  require,  so  as  to  be  able  to  examine  the  patient's 
right  eye  with  his  right,  and  the  left  with  his  left,  holding  the 
ophthalmoscope  in  the  right  or  left  hand,  as  the  case  may  be. 

As  the  examination  by  the  upright  image  consists  of  looking 
directly  through  the  pupil  to  the  fundus  beyond,  the  observer 
should  bring  his  own  eye  as  closely  to  the  observed  eye  as  is 
possible ;  for  when  obliged  to  look  through  a  narrow  opening,  the 
nearer  we  bring  our  eye  to  the  edges  of  the  aperture,  the  wider 
will  be  the  field  of  view  of  what  lies  beyond.  Also,  as  a  matter 
of  course,  the  larger  the  pupil,  the  easier  the  inspection  and  the 
greater  the  extent  of  fundus  seen.  For  this  reason  the  first 
attempt  of  the  observer  should  be  with  a  dilated  pupil. 

For  an  observer  to  see  the  details  of  the  fundus  clearly  with  the 
upright  image,  some  knowledge  of  the  optical  condition  of  his 
own  e^^e  is  necessary,  as  well  as  that  of  the  eye  to  be  observed, 
and  any  existing  fault  should  be  corrected  by  the  proper  neutral- 
izing glass. 

The  inexperienced  observer,  even  if  emmetropic  and  able  to 
relax  his  accommodation  perfectly  for  distant  objects,  is  usually  a 
little,  sometimes  a  good  deal  myopic  for  the  ophthalmoscope. 
This  comes  from  the  fact,  that  he  is  unable  to  adjust  his  eye  for 
parallel  rays,  when  looking  into  an  eye  which  he  knows  to  be 
only  a  short  distance  from  him.  He  instinctively  accommodates 
and  transforms  his  eye  for  the  time  being  from  an  emmetropic  to 
a  myopic  eye.  This  must  be  corrected  by  a  suitable  concave 
glass  behind  the  mirror. 

It  is  better  for  the  beginner  not  to  waste  too  much  time  in  try- 
ing to  correct  his  myopia,  either  natural  or 'acquired,  too  exactly; 
but  to  take  such  a  glass  as  will  enable  him  to  see  the  fundus 
with  ease  and  distinctness,  and  this  having  been  attained  the 
observer  will  gradually  learn  to  discard  the  use  of  too  strong  a 
glass  by  gradually  substituting  for  it  a  weaker  one.  The  weaker 
the  concave  glass,  consistent  with  perfectly  clear  vision,  the 
better.  If  on  the  other  hand,  the  observer  is  hypermetropic  and 
can  so  relax  his  accommodation  as  to  be  able  to  use  a  convex  glass, 
this  should  be  as  strong  as  possible,  so  that  he  may  see  Avith  as  little 
strain  on  his  accommodation  and  get  as  large  an  image  as  can  be 
secured. 
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The  general  direction  for  the  movements  of  the  patient's  eye, 
np  and  down,  to  the  right  and  left,  are  of  course  the  same  as  with 
the  inverted  image,  only  it  ranst  be  borne  in  mind  that  the  posi- 
tions of  the  objects  are  really  as  they  appear  and  not,  as  with  the 
inverted  image,  reversed.  The  macula  liitea  is  found  by  follow- 
ing a  line  directly  outwards  from  a  little  below  the  centre  of  the 
optic  nerve  and  for  a  distance  from  its  edge  of  a  little  over  two 
of  its  diameters. 

The  observer  having  become  so  at  home  with  the  upright  image 
that  he  can  readily  obtain  a  perfectly  distinct  view  of  the  fundus 
through  an  undilated  as  well  as  a  dilated  pupil,  should  then, 
but  not  before,  turn  his  attention  towards  what  may  be  called 
some  of  the  niceties,  if  not  the  beauties,  of  the  art,  chief  among 
which  is  the  ability  to  determine  the  optical  condition  of  the 
eye.  To  do  this  in  a  satisfactory^  manner,  the  observer  should 
have  a  suitable  instrument. 

The  great  aim  in  the  construction  of  an  ophthalmoscope  should 
be  laro^eness  of  field  of  view  with  a  suitable  and  sufficient  illu- 
mination.  These  requirements  seem  to  be  fulfilled  best  in  the 
shape  and  construction  of  what  is  known  now  as  Liebreich's 
smaller  ophthalmoscope,  which  consists  of  the  concave  mirror 
with  a  central  aperture  first  introduced  by  Rente,  attached  to 
a  short  straight  handle.  The  mirror  is  usually  about  seven  inches 
foc-al  length,  with  a  clip  at  the  back  for  the  necessary  correcting 
glasses. 

Unfortunately  Liebreich's  instruments,  as  made  abroad,  though 
cheap,  are  comparatively  worthless,  from  the  mirrors  not  being 
true,  and  from  the  annoying  reflections  arising  from  the  edges  of 
the  perforation  and  back  plate  of  the  mirror.  The  whole  instru- 
ment is,  moreover,  so  flimsily  constructed,  as  to  be  liable  to  break 
with  the  most  careful  handling. 

For  lightness,  durability,  freedom  from  reflections,  and  general 
usefulness,  there  are  no  superior  instruments  to  those  now  made  in 
INew  York,  and  notably  by  Mr.  Hunter. 

The  instruments  of  this  maker  in  the  way  of  workmanship 
and  optical  accuracy  are  unsurpassed. 

As  Liebreich's  instrument  was  not  compendious  enough  to  meet 
the  growing  requirements  of  ophthalmic  science,  the  following 
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modification  ^  of  the  instrument  was  made,  the  principal  feature 
of  the  change  being  the  substitution  of  detachable  cylinders  for 
the  ordinary  clip,  or  for  the  fixed  Rekoss  disk.  In  the  present 
case  but  three  cylinders  are  employed,  though  these  might  be 
multiplied  indefinitely  were  there  any  occasion  for  so  doing. 
Each  cylinder  is  pierced  for  eight  glasses,  forming  in  the  aggre- 
gate the  following  series : 

Convex  0,  ^V'       TV  tV'  tV  i'  f  w  i'  i'  i 

Concave   2V'  tV'  tV  tV  i' t'  f  f  i'  h  h 

Thus  we  have  a  series  of  glasses  extending,  witli  but  compara- 
tively slight  differences  in  focal  value,  from  convex  1-48  to  1-3, 
and  from  concave  1-48  to  1-2. 

The  manner  in  which  tlie  glasses  are  divided  among  the  cylin- 
ders will  be  readily  nnderstood  from  the  accompanying  drawings. 
The  first  cylinder  is  made  np  entirely  of  convex  glasses,  by  means 
of  which  all  ordinary  degrees  of  hypermetropia  can  with  suffi- 
cient exactness  be  determined.  One  hole  (0)  is  left  vacant  to  rep- 
resent emmetropia,  without  the  necessity  of  removing  the  cylinder, 
and  for  examination  by  the  inverted  image  without  an  eye-piece  ; 
should,  however,  the  latter  be  desired,  the  observer  has  a  large  se- 
lection at  his  command.  The  second  cylinder  contains  the  con- 
caves of  moderate  focal  power,  and  the  third  is  composed  of  the 
high  numbers,  both  positive  and  negative.  Tliese  strong  numbers 
are  designed  for  the  determination  of  the  highest  degrees  of  errors 
of  refraction  and  for  the  measurement  of  the  inequalities  of  the 
fundus,  such  as  excavations  and  elevations  of  the  optic  nerve,  pro- 
jections of  tumors,  retinal  detachments,  membranes  in  the  vitre- 
ous, et  cetera.  With  the  stronger  convex,  such  as  1-3,  opacities  of 
the  cornea  and  lens  can  be  viewed  under  considerable  enlargement. 

The  cylinders  fit  into  a  cell  at  tlie  back  of  the  instrument  and 
are  held  firmly  in  their  place  by  means  of  tlie  two  small  springs 
shown  in  the  engraving,  which,  projecting  into  a  groove  in  the 
side  of  the  cylinders,  prevent  these  from  falling  out,  yet  do  not 
interfere  with  their  rotation.  In  turning,  the  centre  of  the  glass 
comes  opposite  the  centre  of  the  hole  in  the  mirror. 


'  Trans.  American  Ophth.  Sec,  July,  18G9. 
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Explanation  of  Drawing. 


Fig.  1.  Back  of  instrument  with  cylinder  in  position. 

Fig-.  2.  Front  view  of  instrument. 

Figs.  3  and  4.  Remaining  cylinders  detached. 

Fio-   ^     A sHo-m P tiV  nr.f.mTiPtArn.Ti^  mirror 
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Great  care  was  taken  to  have  the  mirror,  which  is  concave,  seven 
inches'  focal  distance,  ground  exceedingly  thin — as  thin  almost  as 
a  metal  mirror — while  all  the  surrounding  brass  work  is  so  beveled 
away  that  as  little  impediment  as  possible  is  offered  to  the  passage 
of  the  rays,  thus  rendering  the  image  perfectly  distinct,  and  I 
think  unusually  brilliant. 

The  mirror  being  contained  in  a  separate  case  of  its  own  is 
made  detachable  from  the  rest  of  the  instrument,  which  can  then 
be  used  as  an  optometer,  the  patient  himself  revolving  the  cylin- 
der till  the  suitable  glass  is  obtained.  As  the  perforation  through 
which  the  patient  looks  when  the  mirror  is  removed  is  equal  to 
the  diameter  of  the  glass  (three  lines),  and  is  much  larger  than 
the  normal  pupil,  the  peripheral  rays  are  not  cut  off,  which  is 
usually  a  source  of  error  when  smaller  diaphragms  are  used. 

The  handle  of  the  instrument  has  purposely  been  made  un- 
usually long,  so  that  the  observer's  hand  shall  not  interfere  witli 
an  easy  and  close  proximity  to  the  observed  eye,  which  is  a  great 
advantage  in  examination  by  the  upright  image. 

The  instrument,  the  three  cylinders,  and  a  convex  two  and  one- 
half  inch  lens  for  examination  by  the  inverted  image,  are  all  con- 
tained in  a  small  pocket-case,  measuring  four  and  three-quarter 
inches  by  two  and  one-half  square  by  three-quarters  thick. 

The  common  weak  mirror,  consisting  of  three  plates  of  plane 
glass,  can  be  easily  fitted  to  the  instrument  should  it  be  desired. 

The  second  mirror  was  originally  designed  for  a  stenopeeic  slit 
to  be  used  with  the  instrument  when  employed  as  an  optometer 
for  the  determination  of  astigmatism.  It  consisted  of  a  thin 
plate  with  a  slit  in  it,  whose  length  was  equal  to  the  diameter  of 
the  perforations  in  the  cylinder.  This  was  mounted  like  the  mir- 
ror, and  made  to  fit  in  the  mirror  cell  in  which  it  revolved,  so  as 
to  allow  the  slit  to  correspond  with  any  given  meridian  of  the 
cornea.  The  meridian  once  determined,  the  patient  turned  the 
cylinder  till  the  suitable  glass  was  obtained.  This  plate  was  sub- 
sequently made  with  a  polished  surface  in  front,  and  then  was 
made  to  serve  also  as  a  mirror  for  determining,  by  means  of  the 
ophthalmoscope,  the  amount  of  astigmatism  in  the  principal 
meridians  of  the  eye.  Practically,  however,  this  is  of  little  use, 
as  the  simple  round  perforation  answers  every  purpose. 
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This  instrument  can  be  obtained  from  its  maker,  H.  W.  Hun- 
ter, optician,  1132  Broadway,  I^ew  York  City.    Pi-ice  $40. 

As  these  instruments  were  more  elaborate  than  was  required 
f(^r  ordinary  oplithahnoscopic  work,  and  consequently  expensive, 
a  simpler  form  was  designed  for  the  use  of  students  and  general 
practitioners,  consisting  of  a  single  disk,  having  at  first  perfora- 
tions for  nine  glasses,  which  were  afterwards  increased  to  twelve 
and  sixteen. 

The  series  for  that  containing  twelve  glasses  (Fig.  6)  is  as  follows : 

^?  +  TG'  tV'  tV'  8'  i'  ¥• 

_    1  ,    1      1     1    1  1 
T¥'  8'  -5'  3- 

That  for  sixteen  glasses  (Fig.  7)  is : 

04-1,1,1     1  11,1 

^1   ^  T8'  ■2T'  T6'  \r  8'  6"'  4- 

  1       1  .     1      1,  1  11 

TS"'  "S^T-  T2'  8'  'V  4'  2- 

A  supplementary  clip,  if  desired,  can  be  fastened  to  the  back, 
containing  a  negative  and  positive  glass,  as  show^n  by  the  dotted 
lines  in  the  drawings,  which  are  full  size.  The  strength  of  these 
glasses  in  the  clip  can  be  arranged  to  suit  the  requirements  of 
each  individual,  and  as  they  can  be  readily  brought  into  position 
over  the  disk  which  rotates  beneath,  they  can  be  used  either  to 
correct  an  optical  defect  in  the  observer's  eye,  or  for  the  purposes 
of  obtaining,  in  conjunction  with  the  disk,  a  large  combination  of 
both  positive  and  negative  focal  values. 

These  instruments  are  in  every  way  as  durable  and  as  optically 
perfect  as  the  larger  ones.  At  the  same  time  they  are  sufficiently 
comprehensive  for  all  ordinary  use,  even  without  the  clip  ;  with  it, 
they  fulfil  even  the  most  exacting  requirements  of  ophthalmoscopy. 

The  comparatively  low  price  at  which  they  are  sold,^  and  the 
small  compass  in  which  they  are  contained,  are  certainly  recom- 
mendations in  their  favor.  The  price  of  the  instrument  contain- 
ing twelve  glasses  is  $14.00  ;  that  sixteen,  $18.00. 

At  the  meeting  of  the  American  Ophthalmological  Society  for 
1873,  Dr.  Knapp  presented  a  modification^  of  the  Eekoss  system, 

'  H.  W.  Hunter,  optician,  1132  Broadway. 

2  Transact.  American  Ophthal.  Soc,  July,  1873. 
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which  consists  of  two  iin detachable  but  revolving  disks,  one  of 
which  contains  concave,  the  other  convex  glasses.  These  are 
superimposed  in  such  a  manner  that  they  rotate  past  each  other, 
so  that  the  focal  value  of  each  glass  can  be  lessened  to  a  greater 
or  less  degree  (but  not  increased)  by  adding  to  it  the  various  neu- 
tralizing glasses  of  the  other  disk.  As  there  are  twelve  glasses  in 
each  disk,  the  focal  value  between  the  glasses  is  in  itself  small, 
but  this  can  be  made  much  smaller  by  tlie  use  of  the  other  disk. 
But  the  presence  of  both  disks  at  the  same  time  necessitates 
(unless,  indeed,  one  is  on  each  occasion  turned  to  zero)  an  elaborate 
calculation  before  the  real  focal  value  of  the  combination  before 
the  observer's  eye  can  be  determined. 

To  facilitate  this,  a  table  has  been  prepared  by  Dr.  Knapp, 
and  published  in  the  Archives  of  Ojphthalmology  and  Otology^ 
Vol.  III.,  No.  2,  1874. 

Perhaps  a  simpler  form  of  obtaining  the  many  combinations 
afforded  by  the  use  of  two  disks  was  that  employed  some  time 
ago  by  the  writer.  This  consisted  of  two  disks  placed  one  over 
the  other.  The  brass  rim  of  the  lower  disk  projected  just  enough 
beyond  the  edge  of  the  upper  to  allow  the  former  to  be  rotated 
without  affecting  the  latter,  which  had  an  independent  move- 
ment of  its  own.  By  arranging  the  glasses  so  that  each  disk 
shall  contain  concave  as  well  as  convex,  the  focal  power  of  each 
glass  can  be  increased  as  well  as  diminished,  which  is  not  the 
case  Avhere  one  disk  contains,  as  in  Dr.  Knapp's  instrument,  all 
the  convex,  and  the  other  all  the  concave  lenses.  These  instru- 
ments are,  however,  of  little  or  no  practical  value,  as  the  calcu- 
lation in  case  of  all  the  weaker  numbers,  and  even  of  the  mod- 
erately strong  ones,  can  only  be  carried  out,  even  by  an  adept, 
on  paper,  or  by  a  prepared  table,  and  the  result,  when  obtained, 
gives  a  focal  interval  of  so  small  a  degree  as  in  most  cases  to  be 
entirely  inappreciable  even  to  the  most  proficient  expert.  In  order 
to  use  any  of  the  numbers  that  more  commonly  occur  without 
going  into  this  calculation,  one  disk  must  be  always  turned  to 
zero,  while  the  required  number  is  sought  by  revolving  the  other. 

Dr.  Knapp's  instrument,  like  that  of  Wecker's,^  has  the  advan- 

'  For  a  description  and  drawing  of  this  ophthalmoscope  see  Klin.  Monatsblat- 
ter,  Zehender,  Sept. ,  1873. 
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tage  of  being  complete  in  itself,  and  free  from  the  disadvantage 
of  having  detached  cylinders. 

To  obtain  this  advantage,  and  at  the  same  time  to  keep  the 
primitive  simplicity  of  my  old  instrument,  the  detachable  cylin- 
ders have,  in  the  modification  '  presented  below,  been  replaced 
by  a  single  stationary  disk  which  is  only  one  and  a  half  inches  in 
diameter,  and  in  which  the  glasses  are  arranged  in  two  concentric 
circles.  The  manner  in  which  this  is  done  will  be  seen  from  the 
figure.  The  disk  contains  25  perforations,  forming,  in  the  aggre- 
gate, the  following  series : 

Convex  0,      iv  tV  tV'  tV  i'  f  h  h  h  h  h 

Concave   sV'  A'  tV  to'  i'  h  h  1'  h  h  h 


1  American  Journal  of  Medical  Sciences,  January,  1874. 
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Tlie  intervals  between  the  focal  leno^ths  of  these  2-lasses  are 
small  enough  to  fulfil  every  requirement  in  ophthalmoscopy,  with- 
out the  perplexing  resort  of  adding  and  subtracting  vulgar  frac- 
tions with  comparatively  high  denominators.  If  required,  how- 
ever, it  is  very  easy  to  vary  the  focal  interval  in  all  the  stronger, 
and  in  many  of  the  moderately  strong  glasses,  that  is,  from  \  to 
Y^y.  This  is  done  by  the  observer  simply  withdrawing  his  head 
half  an  inch  from  the  ordinary  place  of  examination.  If,  for 
example,  it  is  found  that  in  the  usual  place  —  ^  in  a  given  case  is 
too  strong,  the  head  has  only  to  be  withdrawn  one-half  inch,  and 
the  glass  has  then  the  eifect  of  ~.  With  -J  it  becomes  ~^  and  so 
on  through  the  series.  So,  too,  with  the  convex  glasses  ;  only 
here  the  glasses  increase  in  strength  as  we  withdraw  the  head. 
Thus  if  we  find  that  +  i  is  not  quite  strong  enough  in  a  given 
case,  we  have  only  to  withdraw  our  head  half  an  inch  and  the 
o^lass  has  the  same  effect  as  ~p  would  have  had  if  the  head  had  not 
been  moved.  Thus,  with  little  or  no  inconvenience,  a  large  num- 
ber of  additional  focal  values,  with  small  intervals  of  refraction, 
can  be  obtained.  The  disk  is  divided  perpendicularly  into  two 
equal  parts,  one  of  which  contains  the  convex,  the  other  the  con- 
cave. In  each  half  the  weaker  and  more  commonly  occurring 
glasses  are  set  in  the  outer  semicircle,  while  the  stronger  ones  are 
put  in  the  inner  one. 

The  outer  or  inner  circle  can  be  rapidly  brought  into  position 
by  simply  sliding  the  disk  upwards  or  downwards  on  the  handle 
by  means  of  the  thumb  of  the  hand  which  holds  the  instrument, 
and  this  can  be  done  if  desirable  w^ithout  removing  it  from  the 
eye.  By  this  simple  contrivance  all  the  necessary  glasses  are  con- 
tained in  a  single  stationary  but  re\olving  disk,  and  they  can  be 
brought  into  position  with  the  least  possible  delay  or  inconveni- 
ence. In  order  to  clean  the  glasses,  which  need  only  be  done 
very  rarely,  it  is  only  necessary  to  unscrew  the  handle  near 
the  mirror,  and  the  disk  can  then  be  readily  slipped  off  the  han- 
dle and  both  surfaces  of  the  glasses  thus  exposed. 

The  mirror,  being  contained  in  a  separate  cell,  is  made  detach- 
able, so  that  a  weak  light  mirror  can  be  substituted,  or  the  instru- 
ment be  used,  when  the  mirror  is  remo\  ed,  as  an  optometer. 

While  every  effort  has  been  made  to  make  the  parts  necessary 
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for  optical  purposes  as  delicate  as  possible,  the  instrument  itself 
has  been  purposely  made  sufficiently  strong  to  withstand  even 
more  than  ordinary  wear  and  tear.  It  can  be  had  of  the  maker, 
H.  W.  Hunter,  1132  Broadway,  New  York.  The  price  of  the 
instrument  is  $30. 

Dr.  Knapp,^  keeping  precisely  the  same  series  of  glasses  as 
used  by  the  writer  in  his  first  instrument,  arranged  these  in  a 
single  circle  round  the  periphery  as  had  Wecker  a  short  time 
previously.^ 

Dr.  Knapp's  small  instrument,  like  Wecker's,  is  covered  in  to 
prevent  the  soiling  of  the  glasses.  This  cover  is  separate  from  the 
instrument,  and  is  maintained  in  its  position  by  a  screw  at  the  back. 

As  it  is  considered  by  some  an  improvement  to  have  the  glasses 
covered,  the  following  instrument  was  devised,  which  it  was 
hoped  would  fulfil  this  requirement,  and  at  the  same  time  leave 
the  numbers  of  the  glasses  open  to  inspection  so  that  their  relative 
position  could  be  told  at  a  glance,  and  the  required  number  turned 
to  at  once.  This  object  was  obtained  by  having  the  cover  in  the 
shape  of  a  thin  flat  ring  which  swings  round  a  pivot,  as  seen  in 
the  drawing  at  the  point  a.  The  cover,  when  closed,  is  held  firmlj^ 
in  position  by  sliding  with  a  little  pressure  beneath  the  pivot  5. 
The  cover  is  made  just  wide  enough  to  protect  the  glasses,  but 
leaves  the  central  parts  of  the  disk  uncovered.  Around  the  cir- 
cumference of  this  central  space  the  numbers  are  engraved.  An 
aperture  of  an  oval  shape,  so  as  to  avoid  lateral  reflections,  is  left 
in  the  ring  opposite  the  hole  in  the  mirror,  and  immediately  be- 
hind the  glasses,  as  they  come  into  position.  The  entire  length  of 
the  optical  canal  from  the  anterior  surface  of  the  mirror  to  the 

1  Archives  Ophth.  and  Otology,  Vol.  III.,  No.  2,  1874. 
This,  of  course,  necessitated  a  great  reduction  of  the  diameter  of  the  glass. 
The  writer  had  himself,  several  years  ago  (1868),  a  disk  made  in  which  the  diam- 
eter of  the  glass  measured  only  3^  mm.  The  cost  of  the  instrument  was  so  great 
at  that  time  as  to  debar  its  use  from  all  except  an  occasional  enthusiast.  Since 
that  time  the  facilities  for  accurate,  and  at  the  same  time  more  reasonable,  opti- 
cal work  have  increased  in  this  country,  and  ophthalmoscopes  with  small  glasses 
are  in  high  favor.  So  far  as  the  mere  optical  picture  is  concerned  I  prefer  those 
with  the  larger  glasses.  It  is,  perhaps,  a  convenience  to  have  the  instrument 
complete  in  itself,  and  as  a  combination  of  both  advantages  I  know  of  no  better 
instruments  than  the  cheaper  ones  made  by  Mr.  Hunter. 
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posterior  one  of  the  glass  is  only  2^  mm.  The  disk  has  25  per- 
forations, with  the  same  series  of  glasses  as  in  the  former  instru- 
ments, and  their  manner  of  division  and  general  arrangement  is 
the  same,  as  will  be  seen  from  the  drawing.  A  spring  is  counter- 
sunk on  the  upper  part  of  the  handle  which  bears  on  the  disk  so 


Fig.l  Fiff.2 


as  to  keep  it  firm,  and  serves,  at  the  same  time,  to  centre  each 
glass  by  dropping  into  a  small  perforation  beneath  it.  The  disk 
can  be  rotated  either  with  or  against  the  sun,  and  can,  if  occasion 
require,  be  turned  by  means  of  the  forefinger  without  removing 
the  instrument  from  the  eye.  This  is,  however,  of  little  or  no 
practical  importance,  as  the  observer  is  apt  to  become  confused  ; 
and  the  patient  unduly  fatigued  from  the  continuous  glare. 

The  disk  moves  on  a  central  pivot  flush  with  its  surface.  When, 
therefore,  it  is  necessary  to  clean  the  glasses  the  cover  is  simply 
made  to  swing  round  the  pivot  at     to  the  required  amount,  when 
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the  disk,  by  turning  over  the  instrument,  drops  out  of  itself.  As 
the  cover  is  not  detachable,  and  as  the  pivot  2X  a  is  a  fixed  peg 
with  a  washer,  there  are  no  loose  screws  about  the  instrument. 
The  dotted  line  shows  the  manner  of  uncovering  the  glasses.  The 
price  of  the  instrument,  as  made  by  Mr.  Hunter,  is  $30. 


DETERMINATION  OF  THE  OPTICAL  CONDITION  OF  THE  EYE  BY 
THE  OPHTHALMOSCOPE. 

Beautiful  and  comprehensive  as  the  upright  image  is,  as  a 
whole,  it  has  one  particular  advantage  above  all  others,  which,  as 
Helmholtz  liimself  pointed  out,  is  "  the  ability  to  determine  the 
optical  condition  of  the  eye,  independent  of  its  visual  power,  or 
the  statements  of  the  person  examined." 

Since  Helmholtz  first  pointed  out  this  fact  in  1851,  Ed.  Jaeger, 
Donders,  and  others  have  written  upon  the  subject,  but  it  is  to 
Mauthner,  in  his  admirable  work  on  the  ophthalmoscope,  that  we 
are  indebted  for  the  most  exhaustive  treatise  which  exists  on  this 
important  branch  of  ophthalmoscopy. 

Any  ophthalmoscope  which  is  provided  with  an  apparatus  at 
the  back  for  holding  the  necessary  glasses  may  be  used.  Here  it 
is  that  the  modern  instruments  have  such  an  advantage  over  the 
older — so  much  so,  indeed,  that  little  can  be  done  in  this  import- 
ant branch  without  one. 

The  kind  of  mirror,  too,  is  rather  a  matter  of  preference  than 
necessity ;  some  examiners  preferring  a  plane,  others  a  concave 
silvered  one.  For  the  simple  determination  of  errors  of  refraction, 
I  must  say  that  I  have  a  decided  preference  for  the  latter  wherever 
it  is  not  directly  contra-indicated  by  a  dread  of  light  on  the  part  of 
the  patient.  Tiiere  are,  it  is  true,  cases  where  the  iris  is  unusually 
responsive  to  light,  where  it  is  necessary  to  use  the  weak  illu- 
mination, and  even  here  the  difiiculty  can  be  usually  met  by 
reducing  the  volume  of  light  employed. 
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As  the  very  word  refraction  implies  the  true  optical  value  of  an 
eye  independent  of  its  accommodation,  it  follows  that  this  condi- 
tion can  only  be  ascertained  when  the  eye  examined  is  in  a  state 
of  rest.  Further,  that  it  is  indispensable  that  the  observer  should 
be  aware  of  the  exact  state  of  refraction  and  accommodation  of 
his  own  eye,  before  he  can  estimate  that  of  another. 

Perfect  relaxation  of  the  accommodation  in  the  observed  eye 
can  of  course  be  obtained  by  atropia,  no  matter  what  the  nature 
of  the  refraction  is.  But  usually,  sufficient  relaxation  can  be  se- 
cured in  emmetropia  by  causing  the  patient  to  look  into  the  dis- 
tance, and  as  much  as  possible  into  vacancy,  which  is  induced 
somewhat  by  having  the  walls  of  the  ophthalmoscopic  room 
painted  black.  For  a  myope  it  w411  only  be  necessary  that  he 
should  look  at  some  object  which  is  at  a  greater  distance  than  his 
far  point.  The  ability  and  disability  which  hypermetropes  have 
in  relaxing  their  accommodation  will  better  be  considered  a  little 
later  under  its  special  heading. 

As  far  as  the  observer  is  concerned,  it  can  be  laid  down  as  a 
rule,  at  least  for  beginners,  that  the  nearer  the  refraction  of  his 
eye  approaches  emmetropia,  and  the  more  completely  he  can 
relax  his  accommodation,  the  better.  This  ability  to  relax  the 
accommodation  varies  with  different  people,  some  accpiiring  the 
power  completely,  others  only  partially.  Practice  here,  as  else- 
where, increases  the  ability.  If  the  observer  is  emmetropic,  one 
of  the  best  methods  of  acquiring  this  control  over  the  accommo- 
dation is  to  take  a  convex  glass  of  a  moderate  j^ower,  say  -g-,  and 
ascertain  the  farthest  point  at  which  fine  type  can  be  read  with 
perfect  distim^tness  through  the  glass,  the  other  eye  being  closed, 
or  better  still,  opened  but  excluded  from  the  visual  act  by  a 
screen.  Under  this  condition  there  is  a  tendency  for  the  visual 
axes  to  assume  a  parallel  position,  and  with  it  that  perfect  state  of 
rest  usual  to  the  eye  when  looking  at  the  most  distant  objects.  If 
the  object  can  be  moved  in  this  case  to  a  distance  of  eight  inches, 
it  is  proof  positive  that  the  accommodation  is  entirely  relaxed, 
since,  as  the  object  viewed  is  situated  at  the  principal  focus  of  the 
glass,  only  parallel  rays  can  enter  the  eye,  and  such  rays  can  only 
be  brought  to  a  focus  on  the  retina  of  an  emmetropic  eye  when  it 

is  in  a  state  of  perfect  rest.    This  experiment  should  be  repeated 
2  • 
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with  glasses  of  various  strengths  till  the  ability  is  acquired  of 
always  seeing  the  test  object  at  the  focal  distance  of  the  glass 
used.  This  once  acquired,  a  little  further  practice  with  the 
ophthalmoscope  will  also  enable  the  observer  to  relax  his  accom- 
modation during  the  examination. 

If,  however,  the  object  viewed  cannot  be  removed  from  the  eye 
to  a  distance  equal  to  the  focal  length  of  the  glass,  then  it  is  evi- 
dent that  the  accommodation  is  not  entirely  relaxed.  If,  for 
example,  convex  |-  be  used,  and  the  object,  instead  of  being  seen 
distinctly  at  eight  inches,  can  only  be  so  seen  at  six,  then  it  is 
evident  that  some  accommodation  is  still  going  on,  and  the  exact 
amount  of  this  will  be  equal  to  the  difference  between  \  and  ■§■  = 
Continued  practice  may  soon  enable  the  observer  to  over- 
come this  involuntary  contraction  of  the  accommodation.  Some- 
times, however,  in  spite  of  all  his  efforts,  it  still  remains,  but  he 
soon  finds  that  the  amount  used  is  always  the  same.  This,  then, 
represents  the  optical  condition  of  his  eye.  If,  for  example,  he 
finds  that  the  amount  of  accommodation  which  he  still  uses  is 
■jV  or  his  eye  is  then,  practicall}^  speaking,  no  longer  emmetro- 
pic, but  myopic,  equal  in  fact  to  -^^  or  the  case  may  be. 
Consequently,  he  nmst  use  a  concave  or  y^.-,  in  order  to  see 
clearly  a  near  object,  the  ra^^s  from  which,  hovv^ever,  enter  his 
eye  as  parallel.  Having  thus  ascertained  the  optical  condition  of 
his  eye  in  its  greatest  state  of  rest,  he  should,  having  selected 
some  one  whose  eye  has  been  proved  to  be  emmetropic,  practise 
wdth  the  ophthalmoscope  through  the  glass  which  he  has  previously 
found  neutralizes  the  amount  of  accommodation  wdiich  he  in- 
voluntary employs. 

As  a  rule,  then,  the  weakest  concave  glass  through  which  the 
fundus  of  an  emmetropic  eye  can  be  distinctly  seen,  should  be 
taken  as  the  criterion  on  which  the  emmetropic  observer,  who 
cannot  entirely  relax  his  accommodation,  should  base  his  estimate 
of  refraction. 

If  the  observer  is  ametropic,  the  simplest  way  for  him  is  to 
reduce  his  ametropia  by  the  suitable  glass.  More,  however,  in 
regard  to  this  matter,  will  be  found  later  under  its  appropriate 
heading. 

It  is  of  course  very  essential,  for  an  accurate  determination  of 


Refraction  of  the  Eye, 


19 


the  refraction,  to  have  some  object  point  in  the  eye  examined 
which  shall  be  fine  enough,  not  only  to  let  us  judge  when  we  see, 
but  wdien  we  are  seeing  with  the  most  perfect  sharpness. 

The  most  conspicuous  object,  and  one  for  which  we  at  first  in- 
stinctively look,  is  the  papilla,  but  this  should  never  be  chosen,  as 
it  very  frequently  is,  however,  as  an  object  on  which  to  found  our 
observations,  for  the  disk  often  protrudes,  sometimes  to  a  con- 
siderable degree,  above  the  general  plane  of  the  rest  of  the  retina,^ 
and  would  thus  frequently  lead  to  the  supposition  that  an  eye 
was  hypermetropic,  sometimes  markedly  so,  which  was  in  reality 
emmetropic  or  even  myopic.  An  eye  lately  examined  by  the 
writer  was,  for  example,  hypermetropic  one-fortieth  at  the  disk, 
but  myopic  one-eighteenth  in  the  region  of  the  macula.  The 
main  trunks  of  the  central  artery,  besides  being  often  on  an 
advanced  plaue,  at  the  nerve  entrance,  are  in  themselves  seen 
under  too  great  an  enlargement  to  admit  of  nice  discrimination 
in  focal  adjustment.  There  are,  however,  some  very  fine  vessels 
which  always  leave  the  edge  of  the  nerve,  running  out  horizon- 
tally on  both  sides.  These  are  admirably  adapted  for  the  pur- 
pose, when  viewed  at  a  little  distance  from  the  disk,  especiall}^ 
towards  the  inner  side  ;  the  best  of  all  objects,  however,  at  least 
for  those  who  are  skilful  in  this  kind  of  examination,  is  the 
choroidal  epithelium  in  the  neighborhood  of  the  macula,  though 
the  advantages  which  this  region  offers  are  more  than  counter- 
balanced by  the  difficulties  which  attend  its  examination. 

The  observer  having  found  out  the  exact  optical  conditioii  of 
his  own  eye,  it  remains  for  him,  first  to  ascertain  the  nature  of 
the  refraction  of  the  eye  under  examination,  and  then,  if  ametro- 
pic,  to  determine  the  exact  degree  of  the  anomaly. 

If  the  observer  is  emmetropic,  and  relaxes  his  accommodation 
entirely,  he  knows  that  his  eye  is  adjusted  for  parallel  rays  only. 
Now  the  onl}^  kind  of  eye  from  which  rays  emerge  jDarallel,  is  an 
emmetropic  eye,  consequently,  if  the  fundus  of  the  examined 
is  focussed  sharply  on  the  observer's  retina,  the  rays  which 
enter  his  eye  must  be  parallel,  and  the  eye  observed  must  be  em- 
metropic. 


^  Compare  Schweig-g-er's  Voxlesnng-en,  Taf.  1,  figs.  1,  2, 
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If,  in  a  given  case,  the  observer  finds  that  he  does  not  gain  a 
clear  view  of  the  eye  examined,  when  his  own  eye  is  in  a  state  of 
rest,  bnt  that  it  becomes  clear  by  using  his  accommodation,  he 
then  knows  that  the  observed  eye  must  be  hypermetropic,  since  his 
own  eye  under  tension  of  the  accommodation  is  no  longer  ad- 
justed for  parallel,  but  for  divergent  rays,  and  there  is  no  eye 
but  a  hypermetropic  eye  from  which  divergent  rays  can  possibly 
come. 

If  the  observer  finds,  however,  that  he  can  get  no  clear  view  of 
the  fundus,  either  by  relaxing  or  calling  forth  his  accommodation, 
he  knows  that  the  rays  coming  from  the  observed  eye  cannot  be 
either  parallel  or  divergent,  consequently  they  must  be  conver- 
gent, and.  the  eye  examined  myopic. 

Having  thus  ascertained,  in  a  general  way,  the  nature  of  the 
optical  condition  present,  the  next  step  is  to  determine  the  exact 
degree  of  the  refraction.  The  method  for  doing  this  will  be  em- 
bodied, for  the  sake  of  convenience  and  brevity,  in  the  following 
propositions,  it  being  presupposed  in  all  cases  that  the  examined 
eye  is  in  a  state  of  rest  as  it  usually  is  under  the  ophthalmoscope. 

Peoposition  I.  For  an  emmetropic  eye  to  dHermine  that  the 
observed  eye  is  emmetropic. — Let  A  (Fig.  1)  be  the  observed  eye 


Fig.  1. 


A 


c 


illuminated  by  the  ophthalmoscopic  mirror  m.  Since  the  eye  is 
emmetropic,  and  in  a  state  of  rest,  rays  radiating  from  an  illu- 
minated point  a  on  the  retina  must  leave  the  eye  as  parallel,  and, 
as  such,  pass  through  the  hole  of  the  mirror  c.  If  now  the  ob- 
server's eye  is  placed  behind  the  mirror,  the  rays  which  strike  his 
cornea,  being  parallel,  will,  since  his  own  eye  is  emmetropic 
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and  in  a  state  of  rest,  just  come  to  a  focus  on  his  retina  at  the 
point  h.  A  distinct  image  of  the  fundus  will  therefore  be  ob- 
tained, as  what  is  true  of  one  point  is  of  all.  As  his  ej^e  is  ad- 
justed for  parallel  rays,  and  for  no  others,  he  knows  the  eye 
examined  must  be  emmetropic ;  consequently,  the  fundus  of  an 
emmetropic  eye  can  be  distinctly  seen  by  another  emmetropic 
eye,  without  the  aid  of  any  correcting  glass ;  provided,  however, 
that  the  observer's  eye  is  also  in  a  state  of  rest. 

If,  however,  the  observer  is  unable  to  relax  his  accommodation 
entirely,  it  is  evident  that  the  parallel  rays  entering  his  eye  must 
come  to  a  focus  in  front  of  the  retina,  that  is  to  say,  rays  coming 
from  the  point  a  (Fig.  1)  will  no  longer  come  to  a  focus  at  5,  but 
will  unite  in  front  of  it  at  e  (Fig.  2).  Circles  of  dispersion  will 
consequently  be  formed  on  B''s  retina,  and  an  indistinct  image  of 
A^s  fundus  will  be  the  result. 


Fig.  2. 


The  reason  of  this  is  that  B^s  eye — as  has  been  formerly  e> 
plained — though  emmetropic  while  looking  at  distant  objects,  is 
as  far  as  ophthalmoscopic  examinations  are  concerned — since  he 
cannot  relax  his  accommodation — virtually  myopic,  and  a  concave 
glass  ((j)  must  be  used  behind  the  ophthalmoscope,  to  bring  paral- 
lel rays  to  a  focus  on  his  retina.  The  weakest  concave  glass  that 
will  do  this  will  then  be  exactly  the  amount  that  B^s  accommoda- 
tion cannot  be  relaxed,  and  with  it  his  eye  w^ill  be  just  adapted 
for  parallel  rays ;  consequently,  when  the  fundus  of  an  eye  can 
only  be  seen  clearly  through  this  glass,  the  eye  must  be  emme- 
tropic. 
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Proposition  II.  The  ohserver  heing  emmetropic  to  determine 
the  amount  of  myojpia  in  the  observed  eye. — As  the  observed  eye 
is  myopic,  rays  of  light  emerging  from  it  are  convergent,  and 
will  meet  at  a  point  in  front  of  the  eye,  at  a  distance  just  equal 
to  the  amount  of  the  myopia.  If,  for  example,  the  myopia  equals 
-g-,  then  the  rays  will  meet  at  six  inches  in  front  of  the  nodal  point. 
As  the  observer's  eye,  however,  is  emmetropic,  and  in  a  state  of 
rest,  it  is  accommodated,  not  for  convergent  but  parallel  rays,  so 
that  before  the  convergent  rays  coming  from  a  myopic  eye  can 
be  focussed  on  the  observer's  retina,  they  must  be  made  parallel. 
This  will  be  made  clear  by  the  following  diagram  (Fig.  3). 


Fig.  3. 


Let  A  be  an  eye  myopic  -g- ;  rays  of  light  leaving  its  retina  will 
emerge  convergent,  and  come  to  a  focus  six  inches  in  front  of  the 
nodal  point  <9,  at  the  point  J).  If  we  could  place  a  concave  lens  ^ 
at  the  nodal  point  6»,  we  should  neutralize  the  mj^opia,  and  the 
rays  would  then  leave  the  eye  as  parallel,  since  the  glass  would 
then  be  just  six  inches  from  the  point  which  would  then  repre- 
sent its  virtual  focus.  But  as  we  cannot  put  the  glass  at  the 
nodal  point  of  the  observed  eye,  we  place  it  as  near  as  the  condi- 
tions of  an  ophthalmoscopic  examination  wdll  permit.  This  dis- 
tance is  generally  assumed  to  be  about  two  inches.  As  the  glass 
{(j)  is  then  two  inches  in  front  of  the  nodal  point,  the  distance 
between  it  and  the  point  h  will  be  only  four  inches  ;  consequently, 
it  will  require  a  concave  J  to  render  the  rays  parallel  at  two 
inches  from  the  eye,  while  it  only  required  ^  at  the  nodal  point. 
If  the  glass  (g')  is  at  three  inches  from  the  nodal  point,  then  it 
will  be  only  three  inches  from  the  point  and  it  will  require  a 
glass  of  ^  to  reduce  the  rays  to  parallel  ;  consequently,  -J  three 
inches  from  the  nodal  point  is  equal  to  \  at  it.  That  is  to  say, 
the  glass  required  is  just  as  much  too  strong  as  it  is  distant  from 
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the  nodal  point.  We  must,  therefore,  reduce  it  bj  this  quantity. 
In  the  above  cases  it  will  be  -J+g^^i.    From  which  we 

deduce — 

For  an  emmetrojpic  observer  whose  eye  is  at  rest,  the  myopia  in 
a  given  case  will  equal  the  loeakest  concave  glass  through  which 
the  fandus  is  seen  distinctly,  plus  the  distance  of  the  glass  from 
the  nodal  point  of  the  observed  eye. 

This  will  give  the  exact  amount  of  the  myopia  present,  but 
inasmuch  as  we  usually  measure  degrees  of  ametropia  by  that 
glass  which  brings  parallel  rays  to  a  focus  on  the  retina,  placed, 
not  at  the  nodal  point,  but  half  an  inch  in  fi'ont  of  it,  we  may 
for  ordinary  calculations  omit  this  half  inch.  For  example,  we 
say  a  man  is  myopic  \  when  a  concave  \  placed  one-half  inch  in 
front  of  his  nodal  point  brings  parallel  rays  to  a  focus  on  the 
retina ;  he  is  really,  however,  myopic  only  So,  too,  with  the 
ophthalmoscope  we  may  neglect  this  half  inch,  and  then  the  re- 
sult will  give  the  amount  of  ametropia,  as  it  is  usually  expressed, 
in  glasses. 

We  have  taken  the  distance  between  the  glass  and  nodal  point 
as  two  inches  simply  as  a  matter  of  convenience,  and  because  it 
represents  about  the  distance  common  to  those  who  are  not  adepts 
in  this  kind  of  examinations,  especially  if  they  use  Jaeger's  ophthal- 
moscope. With  a  little  practice  the  observer  can  reduce  this 
distance  to  one  inch  instead  of  two,  and  if  he  uses  an  ophthalmo- 
scope, the  mirror  of  which  lies  in  the  same  plane  with  the  handle, 
he  can,  with  a  little  skill,  approach  so  near  the  eye  as  to  place 
the  glass  he  looks  through  nearly  in  the  position  which  the  pa- 
tient would  in  wearing  his  glasses.  In  this  case  the  glass  used 
would  represent  the  amount  of  ametropia  without  further  addition 
of  the  distance. 

If  the  observer  is  unable  to  relax  his  accommodation  when 
using  the  ophthalmoscope  he  is,  as  has  already  been  explained, 
no  longer  emmetropic  but  virtually  myopic  to  the  amount  of 
accommodation  that  he  involuntarily  calls  forth.  He  has  then  to 
simply  reduce  his  own  eye  to  the  condition  of  an  emmetropic  one 
by  adding  the  suitable  glass  and  then  proceed  as  above. 
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Proposition  III.  The  ohserver  lemg  emmetrajnc  to  estimate 
the  degree  of  hypermetrojna  in  a  given  case~A&  the  observed 
eye  is  liypermetropic,  rajs  emerg-ing  from  it  will  have  a  direction 
as  if  they  came  from  a  point  situated  behind  the  eye  observed, 
equal  to  the  degree  of  the  hypermetropia.  Thus  the  rays  com- 
ing from  an  eye  hypermetropic  i  will  emerge  from  it  as  if  they 
came  from  a  point  eight  inches  behind  the  nodal  point.  For  ex- 
ample, let  A  (Fig.  4)  be  hypermetropic  then  the  rays,  coming 
from  the  j^oint  a  on  the  retina,  will  after  they  leave  the  eye 
diverge  as  if  they  came  from  a'  eight  inches  behind  the  eye.  As 
the  observer's  eye  is  emmetropic  and  at  rest,  we  must  render  these 
rays  parallel  before  they  can  come  to  a  focus  on  his  retina.  If 


Fig.  4. 


we  could  place  a  convex  glass  at  the  nodal  point  of  A,  it  would 
require  just  |-  to  make  the  rays  parallel,  inasmuch  as  a\  which 
may  be  considered  as  the  principal  focus,  is  just  eight  inches  dis- 
tant, and  this  glass  then  would  just  equal  the  amount  of  IT.  If, 
however,  we  place  the  glass  (g)  behind  the  ophthalmoscope  two 
inches  in  front  of  the  observed  eye  A,  then,  as  is  ten  inches 
from  the  glass  it  will  onl}^  require  to  render  the  rays  parallel. 
If  the  glass  (g')  is  at  four  inches  from  the  eye,  then  will  be 
twelve  inches  from  the  glass,  and  it  will  only  require  J^.  Conse- 
quently the  glass  used  is  as  much  weaker  than  the  hyperm.etropia 
is,  as  it  is  distant  from  the  nodal  point ;  we  must  therefore  make 
it  so  much  stronger,  before  it  can  represent  the  true  degree  of  H 
in  the  observed  eye.    In  the  above  case,  IT—  yV-2  =  i?  = 

-1-     —  i- 

12-4  —  8- 

The  hypermetropia  in  the  observed  eye  is,  therefore,  for  an  em- 
metropic ohserver  always  equal  to  the  glass  tcsed,  minus  the  dis- 
tance of  the  glass  from  the  nodal  point  of  the  examined  eye. 
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As  the  accommodation  is  equivalent  to  a  convex  glass  of  differ- 
ent focal  lengths,  it  is  evident  that  the  observer  may  substitute 
his  own  accommodation  for  the  glass,  provided  he  knows  j  ast  how 
much  he  is  using,  and  how  far  his  nodal  point  is  from  that  of  the 
examined  eye.  For  example,  if  the  observer  sees  an  eye  distinctly, 
while  he  is  conscious  that  he  is  accommodating  for  ten  inches,  he 
knows  that  the  Hm  the  observed  eye  must  be  equal  to  yV  minus 
the  distance  between  the  nodal  points  of  his  own  and  the  observed 
eye.    If  this  is  two  inches,  then         J_  _  2  =  ■§-. 

The  ability  to  judge  of  refraction  by  the  degi-ee  of  tension  re- 
quired of  the  accommodation,  can  only  of  course  be  brought  into 
play  in  one  condition,  that  is,  where  the  observed  eye  is  hyper- 
metropic, and  even  here  it  is  rather  a  tour  deforce  than  an  essen- 
tial advantage.  We  can  all  of  us  by  a  little  practice  get  an  ap- 
proximate idea  as  to  the  amount  of  hypermetropia  in  a  given  case, 
by  the  amount  of  tension  required  of  our  accommodation  in  get- 
ting a  clear  view  of  the  fundus,  but  very  few  even  with  any 
amount  of  practice  ever  approximate  that  precision  which  can  be 
obtained  with  infinitely  less  trouble  by  means  of  glasses. 

As  in  the  above  cases  the  rays  of  light  passing  thi-ough  the  hole 
of  the  mirror  are  parallel,  and  wdll  continue  so  if  uninterrupted 
to  infinity,  it  makes  no  difference  in  the  result  whether  the  ob- 
server's eye  is  close  against  the  instrument  or  a  little  removed 
from  it.  The  only  calculation  necessary  is  the  distance  between 
the  glass  and  nodal  point  of  the  examined  eye. 

The  above  directions,  wdiich  are  sufficient  for  an  emmetropic 
observer  whose  eye  is  in  a  state  of  rest  to  determine  any  condition 
of  refraction,  may  be  summed  up  in  this  general  rule  : — 

The  cmnetro^ia  in  a  given  case  is  equal  to  the  glass  'used  ])l%is 
the  distance  between  it  and  the  nodal  jpoint  if  the  eye  examined  he 
m.yojpic^  minus  the  distance  if  it  he  hyjpermetrojpic. 

If,  however,  the  observer  is  so  unfortunate  as  to  be  ametropic, 
then  the  simplest  w^forhim^is^  to  reduce  his  eye  to  a  condition 
cf  emmetropia,  that  is  to  say,  to  that  condition  of  refraction  that 
parallel  rays  unite  on  his  i-etina ;  considering  that  portion  of  the 
accommodation  which  cannot  be  relaxed  as  part  and  parcel  of  the 
refraction. 

If  the  ametropic  observer  does  this,  then  of  course  the  preced- 
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mg  directions  will  be  all  that  lie  will  have  to  bear  in  mind.  Should 
he  not  wish,  however,  to  pursue  this  course  he  will  find  a  little 
later  the  methods  which  he  must  follow. 

Such  being  the  theoretical  rules,  it  remains  to  be  seen  how  far 
they  are  applicable  to  the  wants  of  the  practitioner.  The  advan- 
tages offered  by  this  method  may  be  summed  up  as  follows: — 

(1.)  In  the  ability  to  tell  the  optical  condition  of  the  eye  ex- 
amined independent  of  the  statements  of  the  patient,  or  amount 
of  vision  of  the  eye. 

(2.)  In  measuring  the  amount  of  elevation  or  depression  of 
given  parts  of  the  fundus. 

Under  the  first  heading  the  point  which,  without  doubt,  is  the 
most  important  in  a  practical  point  of  view,  is  the  determination 
of  the  degree  of  latent  hypermetropia. 

The  use  of  atropia  and  the  trial  by  glasses  is,  and  must  remain 
in  the  vast  majority  of  cases,  the  most  certain  test  possible,  still 
its  use  is  attended  with  more  or  less  inconvenience  to  all,  and  to 
some,  with  so  much,  that  its  employment  is  often  impossible. 
Consequently,  any  means  of  diagnosticating  the  amount  of  total 
hypermetropia,  which  is  on  the  one  hand  accurate,  and  on  the 
other  free  from  inconvenience  to  the  patient,  cannot  fail  of  being 
of  the  greatest  value  to  the  practitioner.  The  only  question  is, 
can  the  ophthalmoscope  do  this  ? 

From  the  result  of  a  series  of  trials  with  the  ophthalmoscope, 
both  before  and  after  the  use  of  atropia,  Mauthner  does  not  hesi- 
tate to  answer  this  question  in  the  aftirmative ;  laying  it  down  as 
a  law  that  "  In  examinations  with  the  ojjhthalmosGoiJe  (by  the  up- 
right image)  the  total  hyjpermetrojpia  is  revealed.'''^  ^  This  opinion 
is  supported  by  the  citation  of  the  following  remarkable  case  : — 

A  boy  of  twelve  years  presented  the  usual  symptoms  of  asthe- 
nopia. Both  concave  and  convex  glasses  were  declined  for  distant 
vision.  Even  convex  -^-^  was  obstinately  rejected.  The  ophthal- 
moscopic examination  brought  to  light  a  hypermetropia  of  \. 
The  eye  was  then  paralyzed  w^ith  atropia,  and  the  total  IlviSiS, 
found  to  be  by  gl  asses  -g-. 

'  Mauthner,  Lehrbuch  der  Oplithalmoscopie,  ab.  1,  s.  174. 
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Inasmuch  as  I  have  never  seen  a  case  of  total  II oi  so  high  a 
grade  as  \  where  there  was  no  manifest  at  all,  1  am  unable  to  cor- 
roborate the  above  case  with  a  precisely  similar  one  from  my  own 
practice.  I  could,  however,  cite  many  where  the  degree  of  the 
manifest  w^as  very  trifling  in  proportion  to  the  total  revealed  by 
the  ophthalmoscope,  and  where  the  latter  obtained  by  this  means 
differed  but  slightly  from  w^hat  was  subsequently  obtained  by  the 
use  of  atropia  and  glasses.  For  example,  -^-^  with  glasses,  witli 
the  ophthalmoscope  ;  -^-^  w^ith  glasses,  i  with  the  ophthalmoscope, 
\  with  atropia ;  Jg-  with  glasses,  J  with  the  ophthalmoscope ; 
with  atropia  ;  with  glasses,  with  the  ophthalmoscope  ; 
with  glasses,  \  with  the  ophthalmoscope,  \  with  atropia,  etc.,  etc. 
Such  glittering  results  as  these  certainly  need  but  little  comment, 
and  their  practical  application  but  little  explanation,  the  only 
wonder  being  that  examinations  of  this  kind  are  not  as  universal 
as  the  use  of  the  ophthalmoscope  itself. 

There  is  one  point  which  at  first  appears  curious,  and  that  is, 
that  we  get  the  most  exact  and  certainly  by  far  the  most  brilliant 
results  just  where  w^e  should  expect  them  least ;  that  is,  with  the 
highest  grades  of  hypermetropia,  at  least  such  has  been  the  writer's 
experience;  so  much  so  that  he  feels  convinced  that  it  is  very 
difficult,  sometimes  impossible,  w^ith  young  people  to  tell  the  lighter 
degrees  of  II  (less  than  one-fortieth)  with  the  ophthalmoscope, 
unless  indeed  atropia  lias  been  used.  This  he  believes  to  be 
owing  to  the  fact  that  hypermetropes  of  a  high  degree  often 
relax  their  accommodation  entirely  while  looking  inattentively 
into  the  distance,  and  make  no  effort  to  call  forth  their  accom- 
modation till  their  attention  is  aroused ;  when,  however,  their  atten- 
tion is  called  to  some  particular  object,  they  instinctively  call 
forth  that  amount,  or  very  near  it,  which  is  demanded  for  parallel 
rays.  Consequently,  under  glasses  where  particular  attention  is 
required  of  them  in  deciphering  the  smaller  letters  of  the  test 
card,  they  refuse  to  relax  their  accommodation  except  to  a 
trifling  degree.  But  when  placed  in  a  dimly-lighted  room  and 
told  to  look  at  a  w.ill  which  offers  a  black  and  diffused  surface, 
and  which  will  appear  to  them  but  a  little  less  distinct  even  when 
seen  in  circles  of  dispersion,  they  have  no  difficulty  in  relaxing 
their  accommodation.    But  young  persons  who  have  say  11^  or 
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less,  see  clearly  in  the  distance  with  so  little  effort,  that  they  prob- 
ably never  relax  their  accommodation,  preferring  to  make  sliglit 
demands  on  their  ciliary  mnscle  than  to  see  in  circles  of  dispersion. 
Their  condition  is  practically  emmetropic,  and  in  the  oj)hthal- 
moscopic  room  they  relax  their  A  no  more  than  they  are  accus- 
tomed to,  accommodating  for  the  plane  of  the  wall  which  they 
see  distinctly,  or  at  most  for  parallel  rays.  We  may,  however, 
lay  it  down  as  a  rule  even  in  these  cases,  that  where  little  or  no 
H  can  be  detected  either  by  glasses  or  the  ophthalmoscope,  little 
or  none  exists. 

Without  being  able  to  accept  then,  unreservedly,  Mauthner's 
general  statement,  that  the  total  H  can  be  invariably  determined 
with  the  ophthalmoscope,  we  nevertheless  believe  that  a  very 
close  approximation  to  it  can  almost  invariably  be  obtained. 

So  much  for  the  ophthalmoscope  where  atropia  has  not  been 
used,  but  there  are  cases  in  which  it  is  even  superior  to  the  test 
by  atropia  and  glasses,  where  the  latter  indeed  utterly  fail  in 
giving  an  idea  of  the  amount  of  hypermetropia,  as  the  following 
case  will  show  : — 

A  bright  little  girl  was  brought  to  me  for  the  purpose  of  having 
the  exact  optical  condition  of  the  eyes  determined.  With  a  con- 
vex one-twenty-fourth  vision  was  decidedly  improved ;  amount- 
ing, however,  even  with  the  glass,  only  to  \  in  the  right  eye,  yV 
the  left.  The  same  result  was  obtained  under  atropia.  Glasses 
of  various  strengths  from  to  were  tried,  and  still  the  vision 
remained  about  the  same.  Kecourse  was  now  had  to  the  ophthal- 
moscope, when  a  total  Hoi  \  was  found  in  the  right,  \  in  the  left 
eye.  The  discrepancy  between  the  glass  selected  by  the  child 
and  the  amount  of  ^  as  given  by  the  ophthalmoscope  was  so  great 
that  an  independent  examination  was  made  by  another  oculist 
with  precisely  the  same  result  in  each  eye.  There  w^as  evidently 
a  large  amount  of  congenital  amblyopia,  the  only  hope  of  relieving 
which,  certainly  lay  in  careful  and  systematic  exercise  through 
that  glass  which  wx^uld  produce  sharply  defined  images  upon  the 
retina,  and  this  glass  could  only  be  ascertained  through  the  oph- 
thalmoscope. Previous  experience  had  already  taught  me  that 
wonderful  results  could  be  obtained  in  this  manner,  and  I  ventured 
to  give  an  encouraging  prognosis. 
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So,  too,  in  strabismus  in  children,  it  is  often  impossible,  from 
tneir  inability  to  read,  or  the  irrelevancy  of  their  answers,  to  get 
an  adequate  idea  as  to  the  condition  of  the  refraction^  even  where 
atropia  has  been  used.  And  yet  the  whole  question  in  regard  to 
operative  interference  may  turn  on  tlie  presence  or  non-presence 
of  ZTand  its  degree.  With  the  ophthalmoscope,  however,  with  a 
little  care,  and  with  a  dilated  pupil,  the  exact  amount,  or  what 
approximates  to  it  very  closely,  can,  as  a  rule,  be  ascertained, 
even  w^ith  children  in  arms. 

So,  too,  in  any  disease  in  which  ambh^opia  is  an  element. 

One  of  the  most  interesting  attributes  of  the  upright  image  is 
the  means  which  it  affords  us  for  determining  the  various  planes 
which  different  parts  of  the  fundus  often  occupy.  For,  inasmuch 
as  a  certain  amount  of  refraction  corresponds  to  a  given  length  of 
the  axis  of  the  eye,  we  have  oidy  to  know  the  refraction  of  a  cer- 
tain point  to  know  its  exact  antero-posterior  position,  and  the  dif- 
ference of  refraction  between  two  given  points  must  represent 
their  differences  of  level.  We  are  thus  enabled  to  measure  nu- 
merically, for  example,  the  amount  of  excavation  of  the  optic 
nerve  or  its  projection  above  the  level  of  the  retina ;  the  projec- 
tion of  the  choroid  or  retina  from  underlying  effusion  ;  the  height 
of  tumors  and  their  rate  of  increase  ;  the  amount  of  swelling  in 
the  retina ;  the  situations  of  membranes  in  the  vitreous,  etc. 

Taking  the  emmetropic  eye  as  a  standard,  calculations  have 
been  made  by  various  authors  to  determine  what  amount  of  in- 
crease or  decrease  in  the  length  of  the  optic  axis  corresponds  to  a 
given  degree  of  hypermetropia  or  myopia.  I  have  calculated  for 
the  easy  reference  of  the  reader,  from  the  formulas  given  by 
Helmholtz,^  the  two  follovvdng  tables,  the  first  representing  the 
amount  of  decrease  in  length  of  the  axis  due  toZT,  and  the  second 
the  increase  due  to  M. 

^  Handbuch  der  Physiologischeu  Optik,  s,  54.  Mauthner,  Lehrbuch  der 
Ophth.,  s.  67-226,  ab.  1. 
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Table  I. 


equals  a  shortening  of  3.97  mm, 
"  \  "  " 

u  X  "  " 


6 

u  JL 


2.9 
2.3 
1.89 
1.6 
1.4 
1.25 
1.12 
1. 

0.92 


H  n,-  equals  a  shortening  of  0.85  mm 

"  -If  "  "  "  0.74 

"  -h  "  "  "  0.65 

"  -h  "  "  "  0.58 

"  ^0  "  "  0.52 

"  -h  "  "  ^'  0.45 

"  3^  "  "  "  0.35 

"  -h  "  "  "  0.26 

"  -h  "  0.21 


Table  II. 


M  \  equals  an  increase  of  8 .6  mm. 


4.81 
3.34 
2.56 
2.07 
1.97 
1.5 
1.31 
1.17 
1.06 


M ^  equals  an  increase  of  0.97  mm. 

"  0.82 
"  0.71 


T4 

-h 

-i.. 


2  4 
30 

4  0 

5  0 


0.63 
0.56 
0.46 
0-37 
0.27 
0.22 


It  should  be  remembered  that  these  tables^  are  calculated  ioY 
the  actual  degree  of  ametropia  present,  and  not  for  the  glass  used  in 
correcting  it.  The  observer  must  consequently  make  the  j)i'oper 
addition  or  subtraction  according  as  the  glass  is  positive  or  nega- 
tive, and  according  to  the  distance  at  which  it  is  placed  from  the 


'  I  have  preferred  to  keep  the  original  plan  pursued  in  my  earlier  paper,  and 
to  give  in  the  table  the  actual  amount  of  increase  and  decrease  of  the  antero-pos- 
terior  axis  that  corresponds  to  the  various  degrees  of  ametropia,  than  to  give,  as 
Dr.  Knapp  has  in  his  tables,  the  number  of  the  glass  by  which  the  different  de- 
grees of  ametropia  are  corrected,  placed  always  at  a  definite  distance  from  the 
cornea,  that  is  to  say  at  the  anterior  principal  focus  of  the  eye.  This  position — 
half  an  inch  from  the  eye — is  entirely  too  close  for  the  ordinary  observer,  with 
whom  the  place  of  the  instrument  varies  from  one  to  two,  or  even  three,  inches 
from  the  cornea. 

A  closer  approach  than  one  inch  from  the  nodal  point  is  rarely  if  ever  obtained 
by  the  most  exacting  expert,  and  it  certainly  strikes  me  as  easier  and  more 
correct  for  each  observer  to  make  the  proper  allowance  for  the  distance  at  which 
he  holds  his  instrument,  and  which  in  a  short  time  becomes  uniform,  than  to  be 
forced,  in  order  to  be  correct,  to  advance  his  glass  to  a  position  which  he  can 
seldom  if  ever  attain.  The  discrepancies  between  the  values  in  the  above  table 
and  those  subsequently  calculated  by  Dr.  Knapp  are  more  apparent  than  real, 
as  the  degree  of  ametropia,  as  finally  obtained,  is  the  same  in  both.  The  formu- 
las used  in  the  two  cases  are,  as  Dr.  Wadsworth  has  shown,  convertible.^ 
2  Trans.  Amer.  Ophth.  Soc,  1871,  p.  87. 
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nodal  point.  This  varies  with  different  observers  from  about  an 
inch  to  two,  or  even  three  inches  from  the  nodal  point.  If,  for 
example,  the  observer  sees  the  bottom  of  a  hypermetropic  eye 
with  +  I",  and  the  distance  of  his  eye  from  the  nodal  point  is 
two  inches,  then  the  real  hypermetropia  is  not  -§-,  but  i  __  2  —  \^ 
and  it  is  for  the  latter  degree  that  the  observer  must  consult  the 
table  for  the  true  amount  of  shortening  of  the  axis. 

So,  too,  with  the  negative  glass,  only  the  distance  between  the 
glass  and  the  nodal  point  must  be  added.  If  the  observer  uses  —  \ 
two  inches  distant,  then  the  real  J/  is  —  -J  +  3  —  tV-  the  dis- 
tance from  the  anterior  surface  of  the  cornea  to  the  nodal  point 
is  only  a  little  over  a  quarter  of  an  inch,  the  observer  may,  for  all 
j^ractical  purposes,  make  his  calculations  as  between  his  own  and 
the  observed  eye. 

The  formula  used  in  the  construction  of  the  table  ofiven  in 


For  the  convenience  of  those  tcho  prefer  the  other  method.  Dr.  Knap^i's 
tables '  are  giden  beloic. 


1 

Number  of  glass  in 
Paris  inches. 

Displacement  of  2d 
cardinal  points  in 
millimetrpR. 

Coefficient  of  mag- 
nifying effect  of 
convex  glass. 

Coefficient  of  dim- 
inishing effect  of 
concave  glass. 

S  being  1,  No.  xx 
Snellen  shduld  be 
read  with  convex 
glass  in  Paris  feet. 

S.  =1.  No.  XX.  Sn. 
should    be  read 
with  concave  glass 
in  i  aris  feet. 

30 

0.3G28 

1.0250 

0.9762 

20.50 

19.52 

16 

0.6812 

1.0480 

0.9562 

20.96 

19.12 

10 

1.0009 

1.0793 

0.9316 

21.59 

18.63 

8 

1.3636 

1.1011 

0.9159 

22.02 

18.32 

7 

1.5584 

1.1171 

0.9051 

22.34 

18.10 

G 

1.8182 

1.1396 

0.8910 

22.79 

17.82 

5 

2.1818 

1.1721 

0.8720 

23.44 

17.44 

4 

2.7272 

1 . 2248 

0.8449 

24.45 

16.90 

3i 

3.1168 

1.2655 

0.8265 

25.31 

16.53 

3 

3.6363 

1.3240 

0.8034 

26.48 

16.07 

4.3636 

1.4159 

0.7738 

28.32 

15  48 

2 

5.4544 

1.5800 

0.7315 

31.60 

14.63 

If 

6.2499 

1 .7260 

0.7078 

34.52 

14.08 

n 

7  2914 

1.9625 

0.6708 

39.25 

13.42 

n 

8.2602 

2.3044 

0 . 6427 

46.09 

12.85 

1 

10.909 

3.4878 

0.5837 

69.77 

11.67 

1  Archiv.  of  Ophth.  and  Otol.,  Knapp,  Vol.  I.,  No.  2,  p.  397;  also  Vol.  3,  No. 
2,  p.  1. 
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the  text  is  that  used  by  Hehnholtz  ^  and  after  him  by  Mauth- 
ner.^ 

This  is  Zj  Z2  =  i^,  i^.  In  this  equation  signifies  the  dis- 
tance of  the  object  from  the  first  focal  point  when  the  object  lies 
in  front  of  it ;  is  the  distance  of  the  image  of  the  object  behind 
the  second  focal  point,    i^,     are  the  two  principal  focal  lengths. 

F  F 

From  \  \  —  F,  F^  we  get  directly  4  =  — ) — \  As  the  valne 

of  the  distance  of  the  object  is  given,  and  F^  and  F^  are  already 
established  values  we  can  at  once  calculate  that  of  4- 

In  case,  however,  the  object  lies  behind  the  first  focal  point, 
will  lie  in  front  of  the  second  point,  and  then  both    and  4  have 
a  negative  significance. 

The  practical  application  of  the  formula  is  as  follows :  Sup- 
pose exists,  what  is  the  increased  length  of  the  antero-pos- 
terior  axis  ? 

The  far  point  of  such  an  eye,  calculated  from  the  first  nodal 
point,  is  two  inches  or  54.2  mm.  But  as  Z^,  the  distance  of  the 
object,  is  not  calculated  from  the  first  nodal  point  but  from  the 
anterior  focal  point,  which  is  19.875  mm.  in  front  of  it,  there- 
fore equals  54.2  —  19,875  =:  34.3  mm.  We  have  then  the  fol- 
lowing values :  I,  =  34.3  mm. ;  F,  =  14.858  ;  F,  =  19.875.  Substi- 

F  F 

tuting  these  values  in  the  equation     = — j—^  we  get 

14.858  X  19.875  295.3 
I,  =   =  ^8  =  ^-^ 

The  increase  of  the  antero-posterior  axis  in  If  ^  equals  8.6 
mm.,  as  seen  by  the  table. 

Supposing  on  the  other  hand  II  =  ^  i&  present,  is  negative 
and  lies  two  inches  behind  the  second  nodal  point,  which,  in  its 
turn,  is  20.3  mm.  behind  the  first  focal  point ;  —  therefoj-e 
equals  54.2  +  20.3  =  74.5  mm.  F  F,  sls  before  equals  295.3  mm. 
295  3 

Therefore  =  ^^'^  —  —  3.97  m.  Thus  a  hypermetropia  of 
i  corresponds  to  a  decrease  of  the  antero-posterior  axis  of  3.97  mm. 


1  Handbuch  der  Physiolog-.  Optik,  p.  64. 

2  Mauthcer,  Lehrbuch  der  Ophth.,  pp.  67,  221,  226. 
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The  application  of  the  above  tables  will  perhaps  be  made 
clearer  by  some  examples,  thus  : 

In  a  case  of  glaucoma  the  edge  of  the  nerve  is  emmetropic, 
while  the  bottom  of  the  excavation  is  myopic  \.  As  myopia  ■§- 
signifies  a  lengthening  of  the  axis  equal  to  1.5  mm.  (see  Table 
11. ),  the  depth  of  the  excavations  must  be,  since  the  edge  of  the 
nerve  is  emmetropic,  equal  to  1.5  mm.  In  a  second  case  the 
border  of  the  nerve  and  general  fundus  is  myopic  the  bottom 
of  the  excavation  is  myopic  \ ;  the  true  extent  of  the  excavation 
will  then  be  equal  to  ■§-  —  =  xV?  -^tV  —  ^-^^  vc^m..  In  a  third 
case  the  edge  of  the  nerve  is  11^^ ;  the  bottom  of  the  excavation 
is  still  myopic  -J.  As  H  3V  represents  a  shortening  of  the  axis 
0.35  mm.  and  M  \  an  increase  of  1.5,  the  true  extent  of  the 
excavation  will  be  1.5  +  0.35  —  1.85  mm. 

In  a  case  of  neuritis,  following  sunstroke,  the  centre  of  the 
nerve  to  which  the  disease  was  almost  entirely  confined  w^as 
hypermetropic  yV?  the  neighboring  region  was  emmetropic.  As 
II represents  a  shortening  of  the  axis  —  0.92  mm.,  the  pro- 
trusion of  the  nerve  was  0.92  mm. 

In  another  case  of  violent  neuro-retinitis  in  the  left  eye  the 
centre  of  the  nerve  was  H  \\  a  little  further  onward,  II  a 
little  further  still,  ^  yV  5  ^^^^  the  farthest  extremity  of  the 
field,  towards  the  ora  serrata,  H -i^.  In  the  other  eye,  in  which 
the  process  has  just  commenced,  the  general  refraction  was  H  — 
jV-  Assuming  then  that  the  refraction  of  the  eyes  when  in  a 
state  of  health  was  emmetropic,  and  it  could  not  have  been  far 
from  this,  a  plan  might  easily  be  drawn  (as  indeed  was  done) 
representing  the  amount  of  swelling  due  to  the  morbid  process. 
This  might  be  subsequently  compared  with  the  future  progress 
and  recession  of  the  disease,  under  atrophy,  etc.,  and  some  in- 
teresting results  obtained.  It  is  of  course  very  difficult  to  follow 
these  cases  of  retinal  swelling,  such  as  are  common  to  Bright's 
disease,  from  their  beginning  to  their  end ;  still  such  opportunities 
do  occur,  even  where  the  cause  is  renal,  and  it  appears  to  me  many 
interesting  facts  might  be  obtained  from  such  investigations. 

In  a  certain  case  a  well-marked  tumor  was  observed,  situated 
exactly  above  the  optic  nerve,  the  upper  edge  of  which  it  over- 
bung.    As  the  media  were  perfectly  clear,  a  distinct  view  of  the 
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growth  in  all  its  detail  was  obtained.  The  crest  of  the  tumor 
was,  at  the  first  examination,  hypermetropic  \.  The  lower  half 
of  the  nerve  and  all  the  surrounding  fundus  was  emmetropic ; 
the  protrusion  of  the  growth  was  then  1:6  mm.  A  subsequent 
examination  was  made  and  the  crest  of  the  tumor  was  found  to 
be  ^  J,  the  protrusion  was  then  2.3  mm.,  and  the  increase  between 
the  two  examinati'^ais  was  2.3  —  1.6  mm  =  0.7  mm. 

In  another  case  a  membrane  in  the  vitreous  appeared  clearly 
defined  when  +  \  was  used,  one  inch  from  the  nodal  point  of 
the  examined  eye  ;  consequently  there  would  have  been,  if  the 
retina  had  occupied  the  plane  of  the  membrane,  H  —\  = 
The  fundus  was  in  fact  emmetropic  ;  the  membrane  was,  there- 
fore, in  front  of  the  retina  to  a  degree  equal  to  ^4  =  3.97  mm. 


THE  DETERMINATION  OF  ASTIGMATISM. 

The  determination  of  astigmatism  by  means  of  the  ophthalmo- 
scope has  always  been  considered  one  of  the  most  difiicult,  and 
from  its  want  of  accuracy  one  of  the  least  satisfactory  applications 
of  the  instrument,  and  there  is  no  doubt  that  this  is,  to  a  great  extent, 
true.  Still,  the  difiiculty  in  ascertaining  the  existence  of  astig- 
matism, and  the  uncertainty  in  establishing  its  degree,  are,  I  think, 
due  in  a  great  measure  to  the  method  adopted,  which  has  usually 
depended  on  the  fact,  first  pointed  out  by  Knapp  ^  and  Schweig- 
ger,^  that  in  astigmatism  the  disk  was  seen  elongated  in  one  direc- 
tion witii  the  upright  image,  and  in  the  opposite  by  the  inverted.^ 
The  effect  involved  in  this  fact  is  due  to  the  following  causes : — 

If  we  look  through  a  convex  lens  at  an  object  which  is  placed 
within  its  principal  focus,  we  see  it  magnified  to  a  certain  de- 
gree, according  to  the  power  of  the  lens. 

^  Congress  at  Heidelberg,  1861. 

2  Arch.  f.  Ophth.,  IX.  ab.  1,  p.  178. 

^  This  is,  however,  only  true  when  in  the  inverted  image  the  glass  is  held  with- 
in the  focal  length  of  the  lens  from  the  eye,  a  fact  which  the  observer  being 
aware  of  he  can  always  readily  provide  for. 
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If  we  make,  for  example,  a  small  cross,  the  arms  of  which  are 
of  equal  length,  and  view  it  through  a  common  convex  glass,  say 
of  three  inches  focal  distance,  it  appears  enlarged,  but  equally  in 
both  directions,  as  the  magnifying  powder  is  the  same  for  each 
arm.  If  w^e  now  add,  however,  a  convex  cylindric  glass  \  to  the 
spherical,  we  increase  the  magnifying  power  in  one  principal 
direction  without  altering  it  in  the  other.  The  lens  is,  therefore, 
equal  in  one  direction  to  ^,  but  in  the  other  ■\-  \  —  \.  If 
we  now  turn  the  glass  in  such  a  way  that  the  strongest  magnify- 
ing power  shall  correspond  with  the  vertical  arm  of  the  cross, 
this  will  be  more  enlarged  than  the  horizontal,  which  is  seen 
through  a  weaker  power,  and  will  consequently  appear  longer. 
If  we  now  draw  a  circle  round  the  arms  of  the  cross  in  such  a 
way  that  these  shall  be  the  radii,  the  effect  will  still  be  the  same, 
and  the  circle  will  appear  elongated  in  the  vertical  direction 
because  it  is  more  magnified  in  that  direction,  consequently  it 
will  appear  no  longer  a  circle,  but  an  oval. 

If,  however,  we  now  take  a  second  lens  and  hold  it  in  the 
other  hand  at  a  certain  distance  in  front  of  the  first  lens,  just  as 
we  do  in  the  indirect  method  with  the  ophthalmoscope,  then  we 
get  an  inverted  image  of  the  cross,  and  circle  round  it,  elongated 
no  longer  in  the  vertical  but  in  the  horizontal  position.  The 
reason  of  this  is  that  the  rays  passing  through  the  first  lens, 
whose  principal  meridians  are  of  different  focal  power,  are 
refracted  unequally,  those  passing  through  the  vertical  meridian 
where  the  lens  is  of  tw^o  inches  focal  power  more  than  those 
passing  through  the  horizontal  where  it  is  only  three  inches.  As 
the  rays  passing  through  the  vertical  meridian  are  more  refracted 
by  the  first  lens,  they  will,  after  passing  through  the  second, 
come  to  a  focus  sooner  behind  it,  and  the  nearer  the  rays  meet 
behind  a  lens  the  smaller  is  the  image,  consequently  the  vertical 
line  of  the  cross  will  now  appear  smaller  than  the  horizontal,  and 
the  circle  will  now  be  elongated  horizontally. 

Applying  this  principle  to  the  eye,  Schweigger  deduced  the 
fact  that  with  the  upright  image  the  disk  in  astigmatism  is  seen 
elongated  in  the  direction  of  the  meridian  of  greatest  refraction 
with  the  inverted  image  in  the  meridian  of  the  least  refraction. 
This  gives  us  at  once  the  directions  of  the  principal  meridians, 
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and  we  liave  only  to  find  the  glass  which  reduces  the  distortion 
to  know  the  kind  and  amount  of  astigmatism. 

It  will  be  seen  at  once  that  an  examination  must  be  made  by 
hoth  methods,  for  it  may  happen  that  the  disk  may  be  elongated 
anatomically  in  a  vertical,  horizontal,  or  oblique  direction,  the 
effect  of  which  miglit  be  so  counteracted  by  astigmatism  as  to 
make  the  disk  appear  ronnd  when  the  ophthalmoscopic  exami- 
nation was  made  by  only  one  method,  but  never  when  both  are 
employed. 

Simple  and  true  as  all  this  is  on  paper,  its  application  to  prac- 
tical wants  is  limited,  from  the  fact  that  the  distortion  under  the 
degrees  of  astigmatism  which  usually  occur  in  the  human  eye,  is 
not  sufficient  to  form  a  basis  for  accurate  calculation.  It  may  be 
well  to  state,  however,  that  the  effect  is  always  increased  by  the 
observer's  alternately  withdrawing  from  and  approaching  the  eye 
examined,  watching  as  he  does  so  the  change  in  the  contour  of 
the  nerve. 

From  the  uncertainty  and  want  of  delicacy  attending  this 
method  of  examination,  it  is  evident  that,  in  order  to  make  the 
ophthalmoscope  of  practical  use  in  astigmatism,  we  must  look  for 
some  more  sensitive  test  to  act  either  as  a  supplement  to  or  a  sub- 
stitute for  the  one  mentioned  above. 

This  we  have  in  the  vessels,  and  especially  in  the  light  streak 
on  their  centre  of  curvature.  The  streak  begins  to  lose  its  bril- 
liancy and  its  lateral  borders  their  sharpness  of  definition  the 
moment  the  vessel,  particularly  if  of  the  smaller  kind,  becomes 
out  of  focus  even  to  a  very  trifling  degree.  Low  degrees  of  astig- 
matism, certainly  as  low  as  -^^^  can  be  detected  by  this  test,  pro- 
vided the  accommodation  in  both  the  observed  and  observing  eye 
is  perfectly  relaxed.  On  this  account,  it  is  much  easier  to  deter- 
mine the  defect  if  slight,  when  due  to  J!f  than  to  ZT,  and  I  do  not 
think  it  is  too  much  to  say  that  even  -^-^  can  then  under  favorable 
conditions  be  pronounced  upon. 

If  we  consider  the  optic  disk  as  the  centre  of  a  circle,  and  all 
the  vessels  large  and  small  radiating  from  it  as  so  many  straight 
lines,  we  have  in  the  fundus  of  the  eye  itself  a  representation  of 
Dr.  Green's  test  for  astigmatism,  in  which  the  principal  branches 
of  the  central  artery  and  veins  represent  the  vertical  lines,  and 
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the  small  vessels  leaving  the  edge  of  the  disk  the  horizontal  and 
oblique.  It  may  be  said  that  the  principal  trunks  of  the  central 
artery  and  vein  do  not  always  run  exactly  vertical.  This  is  true, 
but  such  is  their  general  tendency,  and  the  fact  that  the  vessels  do 
not  continue  in  their  original  vertical  course  is  of  itself  an  assis- 
tance to  the  diagnosis. 

The  practical  application  of  this  is  as  follows :  If  we  look  with 
the  ophthalmoscope  through  the  cornea  of  an  astigmatic  eye  to 
the  retina  beyond,  the  effect  is  precisely  the  same  as  if  we  were 
looking  through  an  astigmatic  glass,  and  the  vessels  radiating 
from  the  optic  nerve  will  then  appear  just  as  the  radiating  lines 
do  in  the  common  test  when  seen  through  a  cylindric  glass,  most 
distinct  in  the  m  eridian  of  greatest  am  etropia.  This  gives  us  at 
once  the  direction  of  one  of  the  principal  meridians,  and  we  know 
that  the  direction  of  the  other  must  be  at  right  angles  to  it. 
Having  thus  found  out  the  direction  of  the  principal  meridians, 
we  have  then  only  to  determine  the  refraction  of  each  meridian 
separately,  and  the  difference  between  the  two  will  be  the  amount 
of  astigmatism. 

If,  for  example,  in  a  certain  case  the  vertical  vessels  appear 
perfectly  distinct,  and  are  only  rendered  less  so  by  glasses,  one  of 
the  principal  meridians  of  the  eye  must  be  emmetropic.  If,  how- 
ever, the  fine  horizontal  vessels  are  only  made  distinct  by  a  con- 
cave then  the  second  principal  meridian  must  be  myopic  ^i^, 
and  inasmuch  as  the  first  was  emmetropic,  the  amount  of  simple 
astigmatism  present  must  be  one  twenty-fourth.  So  also  if  it  had 
been  H  instead  of  M,  and  convex  instead  of  concave  glasses 
used. 

If  both  meridians  are  myopic,  but  one  more  so  than  the  other, 
then  compo\md  astigmatism  is  present  with  M  in  all  meridians, 
but  more  pronounced  in  one.  If,  for  example,  the  horizontal 
vessels  are  seen  distinctly  only  with  —  Jg^,  while  the  vertical  ones 
can  be  seen  with  —  -^^^  the  general  myopia  then  equals  -^^^  and 
the  astigmatism,  that  is  the  discrepancy  between  the  two  princi- 
pal meridians,  is  -^^  —  -^-^  =  The  neutralizing  glass  would 
then  be  —       o  —  -^^^c-    ^xis  horizontal. 

So  too  if  it  had  been  instead  of  M,  and  plus  instead  of  minus 
glasses  had  been  employed. 
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It  is  a  little  puzzling  for  those  who  are  not  much  accustomed 
to  the  determination  of  astigmatism,  to  understand  how  it  is  that 
the  vessels,  as  do  radiating  lines,  always  appear  most  distinct  to 
an  emmetropic  eye,  in  the  meridian  of  the  greatest  ametropia, 
instead  of,  as  would  appear  more  rational,  in  that  of  the  least. 
It  would,  for  example,  seem  more  natural,  that  inasmuch  as  the 
vertical  vessels  were  seen  in  the  above  case  most  distinctly,  that 
the  vertical  meridian  should  be  the  one  which  deviated  least  from 
the  normal.  But  it  must  be  borne  in  mind  that  the  rays  which 
form  the  vertical  boundary  of  these  vessels  are,  in  fact,  horizon- 
tal rays,  and  as  such  pass  through,  not  the  vertical,  but  the  hori- 
zontal meridian,  and  as  this  is  emmetropic  they  are  readily 
focussed'  on  the  observer's  retina.  On  the  other  hand,  the  rays 
which  form  the  boundary  of  the  horizontal  vessels  are  vertical 
rays,  and  pass  through  the  vertical  meridian,  which  is  myopic, 
and  consequently  the  horizontal  vessels  are  indistinct,  although 
this  meridian  is,  in  fact,  emmetropic.  This  of  course  holds  good 
for  all  kinds  and  degrees  of  astigmatism. 

The  writer  readily  admits  that  this  method  is  also,  though  by 
no  means  in  the  same  degree,  wanting  in  accuracy,  and  is  not  to 
be  looked  upon  at  all  as  a  substitute  for  the  trial  by  glasses,  but 
is  to  be  used  in  co-operation  with  it.  When  so  employed,  the 
ophthalmoscope  often  renders  important  service  in  revealing  to 
us  at  a  single  glance,  as  it  were,  the  nature  of  the  anomaly  and 
the  general  direction  of  the  principal  meridians,  when  to  have 
obtained  them  by  glasses  would  have  been  an  affair  of  hours.  In 
cases  of  mixed  astigmatism  this  holds  true  in  a  marked  degree, 
and  I  cannot  forbear,  for  the  sake  of  their  practical  bearing,  from 
citing  the  two  following  cases : — 

A  young  lad  was  examined  by  me,  who,  it  was  alleged  by  his 
parents,  was  nearly  "blind"  in  one  eye.  On  testing  the  eyes,  the 
left  was  found  to  have  a  trifling  degree  of  hypermetropia  (^V) 
with  vision  one.  In  the  right  eye,  however,  vision  was  reduced 
to  2V?  th^^  is,  Snellen  C.  could  only  be  read  in  five  feet.  A  few 
ti'ials  were  made  with  glasses  with  no  material  improvement  in 
vision.  In  looking  into  the  eye  with  the  ophthalmoscope  the 
nerve  appeared  distorted  and  drawn  out  verticall}^,  while  at  the 
same  time  its  outline  was  indistinct  in  all  directions,  as  were  also 
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all  the  vessels.  On  using  tlie  accommodation,  however,  the  ver- 
tical edge  of  the  vessel  became  well  defined,  as  did  all  the  ves- 
sels, so  long  as  they  ran  in  a  vertical  direction,  but  as  soon  as 
they  deviated  from  this  they  at  once  became  indistinct,  and  in 
proportion  to  the  amount  of  the  deviation.  This  was  very  appa- 
rent at  a  certain  place  where  one  of  the  larger  vessels  divided, 
sending  off  a  branch  almost  at  right  angles  to  the  original  direc- 
tion of  the  vessel.  The  branch  which  continued  in  the  vertical 
direction  remained  perfectly  distinct,  and  the  light  streak  in  the 
centre  of  its  walls  clearly  defined,  while  that  running  at  right 
angles  to  it,  that  is,  horizontally,  was  indistinct  and  evidently 
much  out  of  focus,  as  were,  in  fact,  all  the  vessels,  large  and 
small^  running  in  this  direction,  and  no  amount  of  tension  or 
relaxation  of  the  accommodation  made  them  clearly  defined. 

It  was  manifest  that  astigmatism  was  present,  and  that  the 
directions  of  the  principal  meridians  were  vertical  and  hori- 
zontal. It  was  evident,  too,  that  as  it  required  the  action  of  the 
accommodation  to  make  the  vertical  vessels  distinct,  that  there 
must  be  hypermetropia  in  the  horizontal  meridian.  In  deter- 
mining the  degree,  it  was  found  that  the  strongest  glass  through 
which  a  certain  fine  vertical  vessel  remained  distinct  at  two 
inches  distance  was  a  convex  yV?  the  hypermetropia  in  the  hori- 
zontal meridian  was  therefore  equal  to  jL-s^tV- 

As  the  horizontal  edge  of  the  nerve  and  all  the  vessels  running 
horizontally  remained  indistinct,  even  when  the  observer's  ac- 
commodation was  perfectly  relaxed,  it  was  evident  that  the  rays 
which  formed  the  horizontal  boundary  of  the  nerve  and  vessels 
!nust  leave  the  eye  as  convergent,  and  as  these  rays  are  vertical 
rays,  the  eye  must  be  myopic  in  the  vertical  meridian.  It  was 
found  that  the  weakest  glass  under  which  the  horizontal  bound- 
ary of  the  nerve  and  vessels  became  sharply  defined  w^as  —  -^-^^ 
the  vertical  meridian  was  therefore  myopic  equal  to  —  xV+2— T2* 

The  case  was  therefore  one  of  mixed  astigmatism,  in  w^hich 
the  vertical  meridian  was  myopic  yV?  horizontal  hyper- 

metropic yV,  and  the  discrepancy  between  the  two  meridians 
was  -f  yiy  =  1^.  With  a  bicylindric  glass  —  -^.^  and  -t-  y^y  vision 
at  once  rose  from  to  It  was  in  fact  increased  eightfold. 
It  was  subsequently  found  from  a  careful  examination  that  —  y^c 


40 


Refraction  of  tlie  Eye, 


and  +  yV^-  preferred.  With  this  glass,  vision  became  one- 
half. 

In  another  case,  where  the  patient  suffered  a  great  deal  from 
asthenopic  symptoms,  vision  was  found  to  be  only  one-fifth  in 
either  eye.  Reading  was  performed  at  six  inches,  while  in  sew- 
ing the  patient  declared  that  she  had  to  exercise  great  care  to 
keep  from  wounding  her  nose  with  the  needle.  As  in  the 
former  case,  spherical  glasses  were  tried  with  but  little  improve- 
ment of  vision.  On  looking  into  the  eye,  here  too  neither  the 
nerve  nor  any  of  the  vessels  appeared  distinctly  defined.  On 
accommodating,  however,  it  was  seen  that  although  the  vertical 
and  horizontal  vessels  still  remained  comparatively  indistinct, 
those  that  originally  ran,  and  those  which  later  in  their  course 
assumed  an  oblique  direction  upwards  and  inwards  and  down- 
wards and  outwards,  suddenly  came  sharply  into  view,  while 
those  which  ran  at  right  angles  became  the  most  indistinct  of  alL 
The  same  effect  was  noticed  all  over  the  fundus,  especially  in 
following  along  the  course  of  a  vessel,  some  of  whose  branches 
appeared  perfectly  distinct,  while  those  running  at  right  angles 
were  much  out  of  focus.  This  meridian  was  found  to  be  myopic 
^V,  the  opposite  hypermetropic  yV-  With  these  glasses  properly 
arranged,  vision  rose  from  one-fifth  to  two-thirds,  and  the  patient 
could  read  Jaeger  ISTo.  4  at  ten  inches,  and  sew  with  ease  at 
twelve.    The  left  eye  was  JgC.  F — F=  J  +. 

Irregular  Astigmatism. — This  can,  as  a  rule,  be  readily  de- 
tected by  the  fact,  that  a  given  vessel,  while  maintaining  an 
undeviating  course,  can  only  be  clearly  defined  for  a  compara- 
tively short  distance  at  a  time,  no  matter  what  glass  is  used. 

The  vessel,  while  continuing  in  precisely  the  same  direction, 
will,  for  a  short  distance,  appear  in  focus  with  the  light  streak 
perfectly  defined,  and  then  be  suddenly  interrupted  by  a  portion 
which  is  out  of  focus,  and  perhaps  a  little  displaced  laterally. 
And  of  two  neighboring  vessels,  one  will  be  sharply  defined  and 
the  other  not.  A  change  of  glass,  or  sometimes  a  change  in  the 
observer's  accommodation,  will  reverse  the  original  order  of 
things,  making  the  part  which  was  indistinct  clear  and  the  other 
blurred.  This  very  often  happens  when  such  cases  are  examined 
with  a  dilated  pnpil,  through  portions  of  the  cornea  which  are 
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widely  separated  from  eacb  other,  as  for  example,  through  the 
upper  and  lower  borders.  The  ability  to  diagnosticate  irregular 
astigmatism  with  the  ophthalmoscope,  is  not  a  difficult  matter 
as  a  rule,  and  it  will  often  save  the  surgeon  a  world  of  trouble 
in  uselessly  trying  to  make  an  accurate  adaptation  of  glasses,  an 
approximate  one  being  all  the  circumstances  will  allow. 

It  may  be  well  to  mention  here,  that  irregular  astigmatism,  at 
least  of  large  degrees,  can  be  detected  by  the  use  of  the  mirror 
alone  at  a  distance,  by  the  play  of  light  and  shadow  which  takes 
place  on  rotary  movements  of  the  mirror,  and  oftentimes  by  the 
distorted  image  of  a  portion  of  the  fundus  with  its  sudden  ap- 
pearance and  disappearance.  This  method  of  examination,  and 
the  appearances  which  follow,  are  similar  to  those  obtained  in 
examination  for  conical  cornea. 


DIRECTIONS  TO  BE  OBSERVED  IN  CASE  THE  OBSERVER  IS 

AMETROPIC. 

The  observer  being  myopic. 

Proposition  I.  For  a  myope  to  examine  an  emmetropic  eye. — 
It  is  very  evident  that  as  the  rays  which  leave  an  emmetropic 
eye  are  parallel,  that  the  myopic  observer,  provided  he  can  relax 
his  accommodation,  will  simply  have  to  use  the  glass  behind  the 
mirror,  which  neutralizes  his  myopia,  that  is  to  say,  which  brings 
parallel  rays  to  a  focus  on  his  retina.  If  a  concave  -§-  does  this, 
then  |-  will  be  the  glass  employed,  and  whenever  he  sees  an  eye 
distinctly  with  this  glass,  he  knows  that  the  rays  which  leave  it 
must  be  parallel  and  consequently  it  must  be  emmetropic. 

But  it  may  happen  that  the  myopic  observer,  like  the  emme- 
trop>ic,  cannot  relax  his  accommodation,  while  using  the  ophthal- 
moscope. This  will  make  him  just  so  much  more  myopic,  and 
instead  of  using,  say  |-,  which  fully  neutralizes  his  myopia,  he 
will  with  the  ophthalmoscope  have  to  use,  in  order  to  bring  par- 
allel rays  to  a  focus  on  his  retina,  \  or  \.  Under  these  conditions 
his  eye  is  equivalent  to  a  myope's  of  -|  or  |,  whose  accommoda- 
tion is  entirely  relaxed.    The  observer  will  then  know  that  when 
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the  eye  under  examination  is  seen  clearly  with  this  glass  it  must 
be  emmetropic. 

As  the  rays  leaving  the  emmetropic  eye  will  always  strike 
upon  the  glass  used  as  parallel,  it  is  evident  that  the  distance 
between  the  two  eyes  need  not  be  here  taken  into  account,  and 
that,  consequently,  the  observer  may  be  one  or  more  inches  from 
the  observed  eye,  as  he  pleases. 

Pkoposition  II.  For  a  myojpe  to  determine  the  degree  of  myopia 
in  the  observed  eye. — If  tlie  observer  does  not  wish  to  wear  a 
cori-ecting  glass,  which  is  often  inconvenient  and  clumsy,  the 
simplest  way  for  him  is  to  proceed  with  the  examination  just  as 
an  emmetrope  would,  and  find  by  trial  with  what  glass  he  sees 
the  fundus  most  distinctly,  his  accommodation  being  of  course 
relaxed,  and  then  to  take  into  account  the  amount  of  his  error  in 
refraction ;  saying,  for  example,  a  myope  of  \  finds  that  he  sees 
the  fundus  of  the  examined  eye  with  concave  J,  what  is  the 
amount  of  M  present  % 

The  observer  knows  that  a  part  of  this  glass  =  -g^  is  employed 
in  neutralizing  his  own  myopia ;  consequently  to  get  the  true 
glass  through  which  the  fundus  would  be  seen  independent  of 
his  error  of  refraction,  he  must  subtract  this  \  from  \  used, 
\  —  —  \.  Now  assuming  the  distance  to  be  two  inches,  we 
have  1^2= i-  The  amount  of  myopia  in  the  examined  eye  is 
therefore  equal  to  i,  and  a  myope  of  \  will  have  to  use  —  -3  at 
two  inches,  in  order  to  see  the  fundus  clearly. 

From  this  it  will  be  seen  that  the  myope  of  even  a  medium 
degree  will  have  to  use  very  strong  glasses  to  see  the  fundus  of 
an  eye  which  is  only  moderately  myopic.  Now  as  ophthalmo- 
scopic cases  do  not  usually  contain  these  strong  glasses,  it  follows 
that  the  myopic  observer  must  renounce  in  many  cases  examina- 
tions by  the  upright  image. 

By  far  the  best  way  of  avoiding  this  difiiculty,  is  to  have  a 
small  movable  slide  containing  the  proper  glass  fitted  to  the 
back  of  the  instrument.  This  will  not  interfere  with  the  use  of 
the  glasses  ordinarily  placed  in  the  clip.  There  is  no  real  disad- 
vantage in  seeing  through  two  concave  glasses ;  on  the  contrary, 
according  to  Mauthner,  an  actual  advantage  over  one  very  strong 
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glass,  inasmuch  as  the  image  by  the  use  of  the  two  weaker  glasses 
is  more  aplauatic  than  where  One  strong  glass  is  employed.  The 
lessening  in  illumination  is  so  small  as  to  be  of  no  consequence 
at  all. 

Proposition  III.  For  a  myojpic  eye  to  determine  the  degree  of 
hyjpermetropia  in  a  given  case. — Let  A  represent  a  hypermetro- 
pic eye  of  -|- ;  rays  coming  from  the  fundus  of  such  an  eye  will 
di\'erge  as  if  they  came  from  a  point  eight  inches  behind  the 
nodal  point  at  a'.  If  now  a  myope  of  {B)^  place  his  eye  two 
inches  in  front  of  the  observed  eye,  then  the  rays  which  enter  his 
eye  will  divei-ge  as  if  they  came  from  a  point  ten  inches  in  front 
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of  his  nodal  point,  that  is  to  say,  his  far  point,  and  as  his  eye  is  just 
adapted  for  such  rays,  they  will  come  to  a  focus  on  his  retina,  and 
he  will  get  a  clear  view  of  the  fundus  without  the  use  of  any  glass. 

If  the  observer's  eye  is  at  four  inches  from  the  observed  eye, 
then  the  rays  which  enter  his  eye  will  diverge  as  if  they  came 
from  a  point  twelve  inches  in  front  of  his  nodal  point,  the  ob- 
server will  only  have  to  be  myopic  -^^  to  bring  such  rays  to  a 
focus.  The  hypermetropia  in  the  observed  eye  is  then  always 
greater  than  the  observer's  myopia  by  as  much  as  the  observer's 
eye  is  distant  from  the  observed.   In  the  above  case  H—^q  _  2 

If  the  hypermetropia  in  the  observed  eye  is  greater  than  the  ob- 
server's myopia  (the  distance  between  the  two  eyes  being  taken 
into  consideration),  it  is  evident  that  the  rays  will  emerge  so 
divergent  that  they  will  no  longer  meet  upon  the  observer's  retina, 
but  behind  it.  In  order  to  bring  such  rays  to  a  focus  he  must 
make  himself  so  much  more  myopic.  This  he  does  by  a  convex 
glass  which  he  finds  by  trial  just  as  an  emmetrope  would.  For 
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example,  a  myope  of  one-eigliteentli  finds  that  he  needs  a  convex 
to  see  the  fundus  distinctly.  If  he  adds  this  glass  he  is  no 
longer  myopic  -jL,  but  yV +  T8==i-  Now  we  have  just  found  that 
the  equalled  the  J[f  minus  the  distance,  and  as  the  we 
getZr=i_,=f 

The  observer  in  this  case  may  use  his  A  instead  of  a  lens,  pro- 
viding he  can  estimate  the  amount. 

If,  however,  the  hypermetropia  in  the  observed  eye  is  less  than 
the  myopia  of  the  observer  (the  distance  between  the  eyes  being 
taken  into  account),  it  is  evident  that  the  rays  emerging  from  the 
eye  will  be  so  little  divergent,  that  the  stronger  myopia  of  the  ob- 
server will  cause  them  to  meet  in  front  of  his  retina.  The  ob- 
server must  make  himself  less  myopic  in  order  to  bring  such  rays 
to  a  focus  on  his  retina ;  this  he  does  by  means  of  a  concave  glass. 
For  example,  a  myope  of  \  can  only  see  the  fundus  in  a  given 
case  with  —  Jg,  what  is  the  ZTof  the  observed  eye?  By  placing 
the  concave  glass  before  his  eye,  he  has  reduced  his  myopia  so 
that  he  has  no  longer  M  =  but  ^  —  y^g-  =  ^.  As  we  have 
previously  found  that  H  =  M  minus  the  distance,  we  have 

The  observer  heing  kyj)ermetroj)ic. 

Proposition  IY.  For  a  hyjpermetrojpic  observer  to  see  mi  em- 
metrojpic  eye. — Inasmuch  as  the  rays  leaving  an  emmetropic  eye 
are  parallel,  the  observer,  in  order  to  bring  such  rays  to  a  focus 
on  his  retina,  will  simply  have  to  neutralize  his  manifest  hyper- 
metropia. If  he  is  H  -^jy  then  he  will  simply  have  to  place  a 
convex      behind  the  mirror. 

He  may  find,  however,  that  with  the  opthalmoscope  he  does  not 
relax  his  accommodation.  His  hypermetropia,  consequently,  will 
be  reduced  by  just  the  amount  of  accommodation  which  he  is  using. 
And  he  may  find  that  instead  of  using  say  a  convex  of  y^^,  which 
fully  neutralizes  his  manifest  II,  he  will,  with  the  ophthalmoscope, 
require  only  to  bring  parallel  rays  to  a  focus.  Under  these 
conditions  his  eye  is  in  fact  equal  to  a  hypermetrope's  of  -J^,  who 
can  entirely  relax  his  accommodation,  and  the  observer  will  then 
know  that  an  eye  seen  distinctly  through  this  glass  must  be  em- 
metropic.   It  may  happen  in  this  way  that  a  person  who  is 
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slightly  hypermetropic  for  the  distance,  becomes  for  the  ophthal- 
moscope emmetropic,  and  so  has  to  use  no  glass.  For  example, 
a  hypermetrope  of  -^-^  may  find  on  account  of  his  inability  to  re- 
lax his  accommodation,  that  in  order  to  see  an  emmetropic  eye 
he  needs  a  concave  -j^.  The  amount  of  accommodation  which  he 
uses  would  then  only  be  many  inexperienced  observers 

use  yV-  this  case  the  observer  is  virtually  myopic,  and  must 
proceed  as  such. 

The  observer  may  of  course  use  his  accommodation  in  all  cases 
instead  of  a  convex-glass,  that  is  to  say,  the  lens  in  his  own  eye 
instead  of  one  behind  the  mirror.  He  would,  however,  in  this 
case  have  to  know  just  what  amount  of  tension  of  his  ciliary 
muscle  corresponds  to  a  given  glass. 

Proposition  Y.  For  a  Tiyjpermetrojpic  observer  to  determine  the 
amount  of  myojna  in  the  observed  eye. — Let  A  be  myopic  ^ ; 
rays  of  light  coming  from  a  will  meet  eight  inches  in  front  of 
A^s  nodal  point  at  a'.  If  JB  who  is  hypermetropic  places  his 
eye  two  inches  from  A,  then  rays  from  A  would  meet,  if  unin- 
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terrupted,  at  a  point  just  six  inches  behind  JB^s  nodal  point. 
Now  as  B's  QjQ  being  hypermetropic  |  is  adapted  for  such  rays, 
they  will  be  brought  to  a  focus  on  the  retina.  Consequently  A^s 
myopia  must  be  equal  to  B^s  hypermetropia  plus  the  distance, 
^  From  this  it  follows  that  a  hypermetrope  of  a 

certain  degree  can  see  the  fundus  of  a  myope  of  a  certain  de- 
gree without  any  glass. 

If,  however,  the  myopia  of  the  observed  eye  is  greater  than  the 
observer's  hypermetropia,  it  is  evident  that  the  rays  emerging 
from  the  e^^e  examined  will  be  so  convergent  that  they  will  meet 
in  front  of  the  observer's  retina ;  to  bring  them  to  a  focus  he 
must  make  himself  more  hypermetropic.    This  he  does  by  means 
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of  a  concave  glass,  which  he  finds  just  as  an  ernmetrope  does  by 
trial.  For  example,  a  hypermetrope  of  -^^  finds  that  he,  with  his 
accommodation  relaxed,  sees  the  fundus  distinctly  in  a  given  case 
with  concave  ^,  what  is  the  myopia  in  the  observed  eye  ? 

putting  the  concave  \  before  his  eye,  the  observer  has  made 
himself  just  so  much  more  hypermetropic.  He  is  consequently 
no  longer  hypermetropic  one-eighteenth,  but  yV+i— i-  Now  as 
the  myopia  in  the  observed  eye  is  equal  to  the  observer's  hyper- 
metropia  plus  the  distance,  we  get  M=  J  +  3  =  i. 

If,  however,  the  myopia  in  the  observed  eye  is  less  tlian  the 
observer's  hypermetropia  (the  distance  between  the  two  eyes  also 
taken  into  consideration),  rays  emerging  from  the  observed  eye 
will  not  be  convergent  enough  to  meet  on  the  retina,  but  behind 
it.  To  make  such  rays  meet  on  his  retina  he  must  make  himself 
less  hypermetropic.  This  he  does  by  a  convex  glass  which  he 
finds  by  trial.  For  example,  a  hypermetrope  of  \  sees  in  a  given 
case  with  a  convex  y^g-,  what  is  the  degree  of  myopia  present  in 
the  examined  eye  ?  By  adding  the  convex  y^g-  to  his  eye,  the  ob- 
server has  reduced  his  hypermetropia,  making  himself  no  longer 
hypermetropic  \^  but  i— tV— tV-  ^^ow  as  the  myopia  equals  the 
hypermetropia  plus  the  distance,  we  get  M  ^  Thus 
we  see  that  a  hypermetrope  may,  according  to  circumstances,  in 
estimating  myopia,  use  no  glass  at  all,  or  a  convex,  or  a  concave  one. 

Proposition  YI.  For  a  hypermetrojpic  observer  to  estimate 
the  amount  of  hypermetropia  in  the  examined  eye. — The  best 
way  in  this  case  is  for  the  observer  to  find  by  trial  w4th  what 
glass  he  sees  the  fundus  most  distinctly,  and  then  to  take  his  own 
error  of  refraction  into  consideration.  For  example,  a  hyperme- 
trope of  Y^g-  sees  the  examined  eye  with  convex  what  is  the 
hypermetropia  present  ?  The  observer  know^s  that  a  part  of  this, 
equal  to  one-eighteenth,  is  employed  in  neutralizing  his  hyperme- 
tropia, consequently  to  get  at  the  true  glass  which  would  be  used 
independently  of  his  error  in  refraction  he  must  subtract  this  Jg. 

—  Jg-  =  yig-.  As  the  observer  has  thus  neutralized  his  hyper- 
metropia, he  is  virtually  emmetropic,  and  knows  that  the  H 
present  must  be  equal  to  the  glass  used  minus  the  distance. 

TS"-2=tV' 
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THE  DETERMINATION  OF   THE  EEFRACTION  OF  AN  EYE  BY  THE 
MIRROR  ALONE,  AND  BY  MEANS  OF  THE  INVERTED  IMAGE. 

It  has  been  already  shown  how,  with  a  myopic  eye,  we  get  with 
the  mirror  alone  an  inverted  aerial  image  of  a  small  portion  of 
the  fundus,  an  image  which  is  situated  in  front  of  the  eye,  and  at 
the  distance  of  its  far  point. 

With  a  hypermetropic  eye,  on  the  contrary,  we  get  a  virtual 
and  erect  image  behind  the  eye  and  at  a  distance  equal  to  the 
degree  of  the  hypermetropia. 

If,  then,  we  could  only  tell  in  a  given  case  w^hether  the  image 
which  w^e  see  is  inverted  or  upright,  then  we  should  know  at 
once  whether  the  eye  examined  was  myopic  or  hypermetropic. 
There  are  various  ways  of  ascertaining  this  : 

(1.)  Both  the  image  and  the  field  of  view  are  larger  (except  in 
very  extreme  degrees)  in  myopia  than  in  hypermetropia. 

(2.)  In  myopia  the  image  moves  in  a  sense  contrary  to  that  of 
the  observer's  head,  and  the  more  so  the  farther  it  is  in  front  of 
the  observed  eye.  In  hypermetropia  it  moves  with  the  head  of 
the  observer,  and  the  excursion  is  less. 

(3.)  The  observer,  as  a  rule,  can  tell  whether  he  is  accommo- 
dating for  an  image  which  lies  in  front  of  the  eye^ examined^ or 
behind  it,  the  difference  in  the  position  of  the  images  even  in 
high  degrees  of  the  two  kinds  of  ametropia  being  considerable. 

Suppose,  in  this  connection,  the  observer  is  emmetropic,  and 
that  his  near  point  lies  in  six  inches.  He  can  then  accommodate 
for  an  object  at  that  distance  but  no  nearer.  In  a  given  case  in 
putting  up  the  mirror  he  gets  an  image  which,  on  his  gradually 
approaching  his  head  and  exerting  in  a  corresponding  degree  an 
increased  tension  on  his  accommodation,  remains  distinct  up  to  a 
certain  point,  when  suddenly  it  begins  to  grow  a  little  indistinct. 
Withdrawing  his  head  a  trifle  till  the  image  is  clearly  defined 
again,  the  observer  knows  that  the  image  must  lie  six  inches  in 
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fi'ont  of  his  own  eje.  And  if  the  distance  between  this  and  the 
observed  eye  is  greater  than  six  inches,  the  image  must  then  lie 
in  front  of  the  eye  examined,  which  is  consequently  myopic. 

But,  on  the  other  hand,  supposing  the  image  does  not  grow  in- 
distinct at  all  till  the  observer  gets  close  up  to  the  observed  eye, 
say  two  inches  from  it,  he  then  knows  that  the  image  cannot  lie 
in  front  of  the  observed  eye,  which  is  only  two  inches  distant,  for 
if  it  did  it  would  be  so  blurred  as  not  to  be  recognizable,  being 
so  far  within  the  limits  of  his  accommodation.  The  ima^e  must 
lie  behind  the  eye,  which  must  be  consequently  hypermetropic. 

The  nature  of  the  refraction  having  been  ascertained  in  this 
way  it  remains  to  determine  its  degree.  The  application  of  the 
mirror  in  this  manner  and  for  this  purpose  is  at  the  best  but  lim- 
ited, as  it  is  only  in  cases  of  high  degrees  of  ametropia  that  it  is 
of  any  service  at  all,  and  only  in  cases  of  great  myopia  where  its 
advantages  outweigh  its  difficulties  and  give  it  a  practical  impor- 
tance. Theoretically  it  would,  of  course,  be  just  as  applicable  to 
H  as  My  the  only  difficulty  being  the  telling  just  how  far  behind 
the  observed  eye  the  vertical  image  of  a  small  segment  of  the 
fundus  really  is.  The  difficulty  is,  however,  so  great,  either  by 
means  of  the  accommodation  or  of  glasses,  that  it  is  hardly  worth 
while  attempting  it,  especially  when  with  the  upright  image  the 
fundus  of  a  hypermetropic  eye  is  so  readily  and  distinctly  seen 
— an  advantage  which  does  not  obtain  from  the  very  construction 
of  the  eye  in  myopia  of  high  degrees,  the  illumination  of  wdiich  for 
many  reasons  is  difficult  and  insufficient.  It  is  therefore  to  the 
illustration  of  this  latter  condition  alone  that  our  examples  will 
be  applied. 

We  will  begin  for  the  sake  of  simplicity,  by  supposing  that 
the  observer  is  himself  myopic,  for  example  •§-.  His  far  point 
would  then  lie  at  8  inches,  and  any  object  at  a  greater  distance 
than  this  would  appear  indistinct.  Such  an  observer  in  a  given 
case  gets  an  image  with  the  mirror  alone,  and  at  the  ordinary 
distance,  say  16  inches,  an  image  which  tliough  recognizable  as  to 
its  general  outlines  is  not  sharply  defined.  Approaching  the  eye 
till  the  definition  becomes  perfect  and  stopping  the  moment  it  does 
so,  the  observer  knows  that  the  image  must  lie  at  his  far  point, 
or  eight  inches  in  front  of  him.    The  observed  eye  is  still,  how- 
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ever,  twelve  inches  from  him  ;  consequently  the  image  must  lie 
four  inches  in  front  of  it,  and  the  myopia  be  equal  to  J.  Suppose, 
however,  the  distance  between  the  two  eyes  had  been  10  instead 
of  12  inches,  then  the  distance  of  the  image  in  front  of  the  ob- 
served eye  would  have  been  10—8  =  2  inches,  and  the  myopia  would 
have  been  equal  to  \,  Again  suppose  the  observer  had  been  my- 
opic i  and  the  distance  between  the  eyes  was  10  inches,  then  the 
place  of  image  would  have  been  10—6=4,  and  M—\.  The 
observer  has  then  only  to  know  his  own  myopia  and  the  distance 
between  the  two  eyes,  and  to  subtract  the  former  from  the  latter 
to  know  the  amount  of  M  in  the  observed  eye. 

If,  however,  the  observer  is  not  myopic  naturally,  he  can  make 
himself  so  very  readily  by  putting  a  convex  glass  behind  the  mir- 
ror. If  he  be  emmetropic  and  can  fully  relax  his  accommoda- 
tion, and  uses  +  \  his  far  point  will  then  lie  at  8  inches,  as  in 
the  former  case,  and  he  now  proceeds  in  precisely  the  same  way  as 
if  he  was  naturally  myopic,  and  in  the  manner  just  related ;  if 
he  cannot  fully  relax  his  accommodation,  then  allowance  must  be 
made  for  this.  If,  for  example,  he  involuntarily  uses  wliat  is 
equal  to  +  g^^,  then  he  is  already  myopic  and  will  have  to  add 
the  difference  between  that  and  ■§-.  i— sV— tV?  ^^^^  with  this 
glass  he  will  be  in  precisely  the  same  condition  as  a  myope 
of  \  or  an  emmetrope  with  +  \  who  can  relax  his  accommoda- 
tion entirely. '  If,  on  the  other  hand,  the  observer  is  hypermetro- 
pic he  must  first  neutralize  this.  If,  for  example,  he  has  H 
he  will,  in  order  to  make  himself  equal  to  a  myope  of  ■§-,  have  to 
use  \-^^^z=z\  and  so  on. 

In  all  these  cases  requiring  the  addition  of  a  convex  lens  the 
observer  might  have  used  his  accommodation  instead  of  the  glass, 
provided  he  had  such  a  control  over  it  as  to  be  able  to  estimate 
precisely  what  amount  he  was  using. 

It  may  even  happen,  that  the  observer's  myopia  is  so  great  that 
he  will  be  forced  to  use  a  concave  glass  in  order  to  bring  his  far 
point  to  6  or  8  inches.  It  is  better  to  do  this  when  the  M  is 
greater  than  ^,  as  the  difiiculty  increases  w^hen  the  observer  has 
to  approach  closer  than  this  to  the  image.  If  he  has  M  =  \ 
then  he  will  need  to  carry  his  far  point  out  to  8  inches  i  —  i  =  -J. 
4 
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DETERMINATION  OF  ASTIGMATISM  WITH  THE  MIRROE  ALONE. 

Many  years  ago  Mr.  Bowman  ^  pointed  out  the  fact  that  he  had 
been  led  to  the  detection  of  regular  astigmatism  and  the  direc- 
tions of  the  chief  meridians  by  the  use  of  the  mirror  of  the  oph- 
thalmoscope in  the  way  which  he  had  previously  suggested  for 
conical  cornea.  The  mirror  is  to  be  held  at  about  two  feet  from 
the  eye,  and  its  inclination  rapidly  varied  so  as  to  throw  the 
light  on  the  eye  at  small  angles  to  the  perpendicular,  and  from 
opposite  sides,  in  successive  meridians.  The  area  of  the  pupil 
then  exhibits  a  somewhat  linear  shadow  in  some  meridians  rather 
than  in  others.  Little  or  no  effect  occurs,  however,  from  moderate 
or  even  from  comparatively  w^ell-marked  deviations  from  the 
normal  curvature. 

Note, — Mr.  Couper^has  dilated  somewhat  upon  this  method,  and  has  pro- 
posed the  use  of  a  special  mirror  of  thirty  inches  focal  length,  with  which  the 
eye  is  illuminated  from  a  distance  of  some  three  or  four  feet.  In  this  way  Mr. 
Couper  asserts  that  very  low  degrees  of  astigmatism  can  be  detected,  and  the 
directions  of  the  principal  meridians  ascertained.  There  are  many  objections  in 
the  author's  mind,  theoretical  as  well  as  practical,  to  this  method,  in  whose 
hands,  perhaps  from  want  of  skill,  it  has  not  proved  either  "easy  or  expeditious." 
Mr.  Couper  himself  admits  that  it  is  not  very  well  adapted  to  several  of  the  com- 
monly occurring  forms  of  astigmatism,  and  it  would  hardly  seem  advisable  to 
take  the  trouble  of  >  procuring  a  special  and  uncommon  form  of  mirror  for  so 
limited  a  sphere  of  action.  Especially  when  not  only  the  presence  and  kind, 
but  even  the  degree  of  every  form  of  astigmatism  can  be  accurately  and  easOy 
measured  with  the  ordinary  mirror,  by  the  use  of  the  upright  image  in  the  man- 
ner already  explained  in  the  foregoing  pages. 


DETERMINATION  OF  THE  REFRACTION  BY  MEANS  OF  THE 
INVERTED  IMAGE. 

Since  the  nearer  an  ima^e  is  formed  behind  a  lens  the  smaller 
it  will  be,  it  follows  that  the  inverted  image  with  a  myopic  eye, 

^  See  Refrac.  and  Accom.,  Donders,  p.  490,  1864. 

2  Fourth  International  Congress  Report.    London,  1872,  p.  109. 
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from  which  the  rays  already  emerge,  as  convergent,  must  be 
smaller  than  with  an  emmetropic  eye,  when  the  same  lens  is 
used  with  each,  and  is  held  at  or  within  its  focal  length  from  the 
eye.  On  the  other  hand  the  image  will  be  larger  with  a  hyper- 
metropic than  with  a  normal  eye  under^the  same  conditions. 

In  this  w^ay  we  can  often  tell  by  the  size  of  the  image  alone 
whether  an  error  in  refraction  is  present,  and  what  its  character 
is ;  but  only  in  a  general  way,  and  only  when  the  defect  is  of  a 
marked  degree. 

We  are  able,  moreover,  to  supplement  the  evidence  gained  in 
this  manner  by  slight  to-and-fro  movements  of  the  lens. 

With  a  myopic  eye  the  size  of  the  image,  for  example,  of  the 
disk  increases  as  we  draw  the  lens  away  from  the  eye.  With 
hypermetropia,  on  the  contrary,  it  decreases  as  the  lens  recedes. 
In  emmetropia  the  image  remains  the  same  for  all  distances  of 
the  lens.^ 

Various  appliances  have  from  time  to  time  been  brought  out 
for  the  purpose  of  ascertaining  the  exact  position  and  size  of  the 
inverted  image  formed  through  the  objective  glass  in  different  de- 
grees of  ametropia  with  the  aim  of  thereby  determining  its  exact 
degree.  Thus  Hasner  produced  an  ophthalmoscope  with  sliding 
tubes  and  a  graduated  scale  on  the  principle  of  some  of  the  op- 
tometers. Coccius,  an  ocular  composed  of  two  lenses,  also  in  a 
sliding  tube.  Colsmann,  a  plane  convex  lens,  with  a  scale  en- 
graved transversely  on  the  plane  surface,  by  which  the  size  of  the 
image  could  be  numerically  measured  and  some  idea  of  the  de- 
gree of  refraction  estimated.  But  all  these,  together  with  other 
devices,  have  been  in  turn  tried  and  passed  into  neglect  either  as 
useless  or  inexpedient. 

The  observer  can,  however,  if  he  thinks  it  of  sufficient  impor- 
tance, gain  some  insight,  not  only  into  the  kind  of  ametropia 
present,  but  also,  approximately  at  least,  as  to  its  degree. 

To  do  this  he  has  only  to  reduce  all  eyes  to  a  greater  or  less  de- 
gree of  myopia  by  putting  before  them  a  convex  lens  of  a  con- 
stant strength,  and  then  proceed  to  estimate  the  place  of  the  image 
precisely  as  if  the  observed  eye  was  really  myopic.    Let  +  \-  be 


^  Giraud  Teulon,  Annales  d'Oculistique,  1869,  Sepi.,  p.  95. 
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either  held  close  before  the  eye,  or  better  still,  placed  in  the  spec- 
tacle frame  of  the  test  case.  Kajs  leaving  an  emmetropic  eye  are 
parallel,  and  consequently  such  rays,  after  passing  through  the 
lens,  will  come  to  a  focus  at  six  inches  in  front  of  the  glass  where 
the  image  would  lie. 

Eays  from  a  myopic  eye  would  strike  the  glass  as  already  con- 
vergent, and  the  image  would  then  be  inside  of  the  focal  distance, 
and  to  a  degree  corresponding  to  the  amount  of  the  M.  On  the 
other  hand,  the  image  would  lie  with  the  hypermetropic  eye  far- 
ther from  the  glass  than  its  principal  focus,  and  the  farther  the 
greater  the  degree  of  H. 

In  a  given  case  the  observer  sees  the  image  distinctly,  while  his 
A  is  perfectly  relaxed  through  -f-  ^.  The  image  must  then  be 
six  inches  in  front  of  him.  The  distance  between  his  and  the  ob- 
served eye — or  rather' between  his^eye  and  the  glass — is  12  inches  ; 
the  image  of  the  observed  eye  must  be  then  six  inches  in  front  of 
the  glass,  or  at  its  principal  focus.  To  produce  an  image  at  this 
place  the  rays  must  leave  the  observed  eye  as  parallel,  conse- 
quently, the  observed  eye  must  be  emmetropic.  In  a  second  case 
the  observer,  through  +  ^,  sees  the  image  while  he  is  only  9 
inches  from  the  glass,  consequently,  the  image  must  be  only  3 
inches  in  front  of  the  observed  eye,  considerably  within  its 
principal  focus.  To  produce  an  image  in  this  place,  the  rays 
leaving  the  eye  must  have  been  convergent,  consequentl}^,  the 
observed  eye  is  myopic,  and  the  M=  ^  —  ^ 

Again,  the  observer  sees  the  image  clearly  when  the  distance 
between  his  eye  and  the  glass  is  16  inches.  The  image  must  be 
therefore  10  inches  in  front  of  the  observed  eye,  and  beyond  the 
principal  focus.  The  rays  coming  from  the  observed  eye  must 
have  been  divergent,  and  the  eye  hypermetropic.  H—  -J-  —  yV 
=  tV 

The  distance  between  the  glass  and  the  nodal  point  has  been 
neglected  as  the  method,  at  the  best,  has  no  sufficient  claim  to  ex- 
actness. Its  range  of  usefulness  is  indeed  very  limited,  still  it 
may  often  be  of  advantage  to  those  who  use  the  inverted  image, 
and  that  only. 
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THE  DETERMINATION  OF  ASTIGMATISM  BY  MEANS  OF  THE  IN- 
VERTED IMAGE. 

From  what  has  ah-eadv  been  said  in  connection  with  astigma- 
tism, as  observed  by  the  upright  image,  it  will  be  remembered 
that  w^hen  this  irregidarity  of  refraction  is  present,  we  see  in  the 
direct  method  the  disk  elongated  in  the  meridian  of  greatest 
curvature,  because  the  lenticular  system  being  stronger  in  that 
direction,  the  magnifying  power  is  greater.  With  the  inverted 
imq^e  we  see  the  disk  elongated  in  the  opposite  direction,  that  is, 
in  the  direction  of  the  weakest  meridian,  because  the  image  being 
formed  behind  the  lens  it  is  less  reduced  in  that  meridian  than 
the  others. 

Thus,  as  Knapp  and  Schweigger  showed  by  the  alternate  use  of 
the  upright  and  inverted  image  we  can  not  only  detect  the  pre- 
sence of  astigmatism,  but  also  the  direction  of  its  principal 
meridians.  This,  however,  only  holds  good,  as  will  be  explained 
a  little  later,  when  the  glass  is  held  at  a  distance  less  than  its 
focal  length  from  the  eye  observed. 

It  was  in  accordance  with  this  restriction  that  Javal  ^  pointed 
out  the  fact  that  it  was  not  necessary  to  have  recourse  to  the 
alternate  use  of  both  methods,  but  that  the  same  interchange  in 
the  form  of  the  disk  could  be  effected  with  the  inverted  image 
alone  with  the  great  advantage  of  keeping  a  continuous  picture  of 
the  disk  before  the  eye  of  the  observer — a  picture  which  gradually 
changed  its  form,  through  all  the  phases  of  an  oval  with  its  longest 
diameter  in  one  direction,  to  a  circle,  and  then  to  an  oval  again, 
with  its  longest  diameter  in  the  opposite  direction.  The  change 
is  brought  about  by  simply  varying  the  distance  of  the  object-glass 
from  the  observed  eye  within  the  limits  set  by  the  image  of  the 
disk  becoming  smaller  than  the  pupillary  space,  either  from  too 
close  an  advancement  towards  or  too  great  a  separation  of  the  lens 
from  the  eye. 

Giraud  Teuton^  has  amplified  this  idea  of  Javal's  in  a  most  ex- 

1  Etudes  Ophth.,  Wecker.    Tome  11.  fasc.  2,  p.  886.  1867. 

2  Ann.  d'Ocnlistiques.    Sept.  et  Oct.,  p.  95.  1869. 
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tended  and  elaborate  mathematical  discussion,  with  a  clearness  of 
style  and  a  wealth  of  formula  as  varied  as  it  is  vast.  To  this 
essay,  which  is  beyond  the  scope  and  character  of  the  present 
work,  the  mathematical  reader  is  referred  for  particulars.  To 
such  as  are  not,  the  following  resume,  condensed  from  the  original 
so  far  as  its  ophthalmoscopic  bearing  is  concerned,  will  be  of 
service  as  well  as  interest. 

(1.)  In  the  emmetropic  eye,  when  the  accommodation  is  relaxed, 
the  image  of  the  optic  disk  remains  identically  the  same  in  char- 
acter, and  of  the  same  size  for  every  distance  of  the  lens. 

(2.)  In  an  eye  which  is  regularly  ametropic  the  image  decreases 
(77)  or  increases  {M)  with  the  distance  of  the  lens.  It  always 
preserves,  however,  its  original  form,  remaining  circular  if  the 
disk  is  circular,  and  oval  if  it  is  oval. 

(3.)  In  an  astigmatic  eye  the  recession  of  the  lens  causes  a 
variation  not  only  in  the  dimensions  but  also  in  the  form  of  the 
image  itself,  i.e.^  of  the  disk.  If  the  image  be  oval,  with  its  long 
axis  in  a  certain  direction,  when  the  lens  is  a  short  distance  from 
the  eye,  it  becomes  exactly  circular  when  this  distance  equals  the 
focal  length  of  the  lens.  At  a  greater  distance,  however,  the 
direction  of  the  long  axis  of  the  oval  changes,  becoming  perpendi- 
cular to  its  former  direction. 

Thus  nothing  is  .easier  than  to  determine  whether  an  eye  is  or 
is  not  astigmatic.  Any  positive  lens  which  is  suitable  to  produce 
an  inverted  image  of  all  the  diameters  of  the  optic  disk  will 
solve  the  problem  and  indicate  at  the  same  time  the  direction 
of  the  principal  meridians,  and  will,  moreover,  with  a  little  care 
on  the  part  of  the  observer,  point  out  the  nature  of  the  defect, 
thus — 

When  the  lens  is  close  to  the  eye,  the  long  diameter  of  the  oval 
belongs  to  the  meridian  of  the  least  refraction.  From  this  position 
of  the  lens  to  one  which  is  equal  to  its  focal  length  from  the 
eye,^  when  the  image  is  exactly  circular,  the  different  diameters 
of  the  imaire  have  either  increased  or  decreased.  Those  which 
have  increased  indicate  myopic,  those  which  have  decreased 
hypermetropic  meridians. 


'  Plus  the  distance  of  the  anterior  focus,  one -half  inch  about. 
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If  the  two  principal  meridians  have  decreased  or  increased  at 
once,  that  which  has  done  so  most  rapidly  belongs  to  the  most 
ametropic  meridian.  This  shows  compound  astigmatism — general 
M  ox:      with  increased  M  ov  IT  in  one  meridian. 

Beyond  the  distance  at  which  the  image  is  exactly  circular  the 
conditions  are  reversed  and  become  the  same  as  in  the  upright 
image — that  is,  the  long  diameter  of  the  oval  is  in  the  meridian  of 
the  greatest  curvature. 

The  principle  contained  in  the  above,  may  perhaps  be  more 
tersely  expressed  as  follows : 

If  the  long  diameter  of  the  oval  contracts  when  the  lens  is 
moved  from  the  eye  so  as  to  become  equal  to  the  short  and  thus 
make  a  circle,  then  the  astigmatism  is  due  to  JET.  If,  on  the  con- 
trary, the  short  diameter  expands  so  as  to  become  equal,  at  the 
focal  distance  of  the  lens,  to  the  long,  and  thus  make  a  circle, 
then  it  is  due  to  myopia. 

If  all  the  diameters  contract,  but  one  contracts  more  than  the 
rest,  then  general^  is  present  with  ^increased  in  one  meridian. 
If  all  increase,  but  one  more  than  the  rest,  then  Jf  is  present 
with  J/ increased  in  one  principal  meridian.  The  astigmatism  is 
compound. 

If  one  diameter  expands  and  one  contracts,  then  both  JTand 
H  are  present  and  the  astigmatism  is  mixed. 

We  see  from  this,  that  astigmatism  may  be  detected  in  two 
stages,  as  it  were,  in  the  passage  of  the  lens :  first,  when  it  is  moved 
from  a  point  close  to  the  eye  to  a  distance  equal  to  its  focal  length; 
secondly,  from  this  point  outwards,  to  a  distance  limited  to  the 
contracting  field  of  view  by  which  the  image  of  the  disk  is  rapidly 
shut  out  by  that  of  the  iris. 

It  is  in  this  last  stage  from  the  focal  distance  outwards  that  the 
effect  is  most  pronounced  as  a  rule.  It  is,  however,  better  to 
make  the  lens  move  through  the  entire  course.  Great  care 
must  be  taken  not  to  rotate  the  lens  at  all,  but  to  maintain  it 
as  exactly  as  possible  in  a  plane  perpendicular  to  its  line  of 
motion. 

So  sensitive  is  this  test  that  Javal  declares  that  even  ^^g-  can  be 
detected  by  it.  Thus  this  method  should  never  be  omitted  in 
making  the  preliminary  examination  with  the  inverted  image, 
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for  by  a  few  passes  back  and  forth  with  the  lens,  we  can  deter- 
mine not  only  the  existence  of  ametropia  but  also  its  nature,  and 
moreover  gain  an  approximate  idea  as  to  its  degree. 

To  determine  this  latter,  however,  with  any  exactness,  it  is  far 
better  as  well  as  simpler  to  go  at  once  to  the  upright  image,  which, 
in  the  comprehensiveness  and  delicacy  of  the  test  mentioned  in  the 
light  streak  of  the  vessels,  amply  fulfils  all  requirements  either 
theoretical  or  practical.  By  this  means  the  determination  of  as- 
tigmatism of  any  form  or  degree  becomes  almost  as  simple  as 
that  of  regular  refraction. 


THE  AMOUNT  OF  ENLARGEMENT  PRODUCED  BY  THE  UPRIGHT 

IMAGE. 

Looking  through  the  lenticular  system  of  the  eye  at  an  object 
beyond,  say  the  optic  nerve,  is  precisely  like  looking  through  any 
lens  of  an  equivalent  power.  The  object  thus  seen  appears  en- 
larged, and  the  question  is  to  determine  in  case  of  the  eye,  how 
great  this  enlargement  is. 

Since  the  relative  size  of  the  images  of  the  same  object  on  the 
retina  are  to  each  other  as  the  respective  distances  of  the  object 
in  front  of  the  eye,  that  is  in  front  of  the  nodal  point,  all  that  is 
needed  to  determine  the  comparative  size  of  the  image  on  the 
retina  is  to  know  the  distances  at  which  the  object  is  seen.  If, 
for  example,  a  given  object  is  at  8  inches  from  our  nodal  point 
it  will  produce  an  image  on  our  retina  of  a  certain  size.  If 
moved  to  2  inches,  and  it  is  assumed  that  through  the  accommo- 
dation the  object  remains  clear,  then  the  size  of  the  image  of  the 
object  at  2  inches  will  be  to  that  when  it  is  at  8,  as  8  :  2  =  4. 
The  image  in  the  last  case  will  be  four  times  as  large. 

The  result  would  have  been  precisely  the  same  if  instead  of 
our  accommodation  we  had  used  -|-  \  placed  close  against  the  eye, 
and  we  had  neglected  the  distance  between  the  glass  and  our 
nodal  point. 

To  get,  therefore,  the  magnifying  power  of  any  glass  when  the 
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object  viewed  is  at  its  focal  length,  we  have  simply  to  divide 
some  distance  taken  as  a  standard  by  the  focal  length  of  the  lens 
nsed.  A  distance  of  8  inches  has  been  agreed  upon.  The  mag- 
nifying power  therefore  of  a  2  inch  lens  =  |-  i=  4,  of  a  1  inch 
lens  f  =  8,  of  one-half  inch  lens  f  =  16,  and  so  on. 

]N"ow  the  focal  length  of  the  lenticular  system  of  the  eye  has 
been  calculated  to  be  equal  to  6.7  Paris  lines,  that  is  to  say,  the 
distance  from  the  nodal  point  of  the  eye  to  the  retina  is  6.T  lines. 

8^'  96'^' 

The  magnifying  power  of  such  a  lens  is  consequently         or  ^ijjjf 

=  14^.  The  fundus  of  an  ennnetropic  eye  is  therefore  seen 
under  an  enlargement  of  14|-  diameters. 

Moreover,  when  we  look  through  a  magnifying  glass,  placed 
close  to  our  eye,  at  an  object  say,  at  its  focal  length,  we  do  not  see 
the  object  itself  but  its  virtual  image,  and  this  image  becomes,  so 
to  speak,  for  the  time  being,  a  defined  picture,  which  the  observer 
can  project  to  any  distance,  finite  or  infinite,  that  he  pleases. 
The  greater  the  distance  to  which  the  image  is  projected,  the 
greater  the  space  which  it  appears  to  cover.  Just  as  a  small 
scotoma  in  one's  eye  may  appear,  when  projected  uj)on  a  piece  of 
white  paper  held  near  the  eye,  to  cover  only  a  small  circum- 
ference, but  yet  seem,  when  projected  against  the  neighboring 
w^all,  to  occupy  a  large  extent  of  surface.  This  is  due,  of  course, 
merely  to  the  increased  opening  of  the  visual  angle. 

This  may  be  illustrated  in  a  very  simple  way,  by  imitating  the 
condition  of  a  normal  eye.  Set,  for  exam]3le,  a  one-inch  lens  so 
that  it  shall  be  just  one  inch  from  a  piece  of  card  on  which  some 
object — as  a  picture  of  the  fundus,  for  instance — has  been  drawn. 
This  is  a  rough  but  sufiiciently  exact  imitation  of  the  eye.^  If 
we  now  place  the  model  of  the  eye  close  to  our  own  eye,  we  see 
an  enlarged  image  of  the  picture  beyond,  which,  by  keeping  the 
.other  eye  open,  can  be  projected  to  any  distance  we  see  fit.  So, 

^  I  might  say  here  that  a  very  convenient  representation  of  the  emmetropic 
eye  can  be  had  ready-made,  in  what  is  known  in  the  shops  as  a  cotton  or  linen 
counter.  This  consists  of  a  small  upright  bit  of  brass,  in  which  is  set  an  inch 
lens  of  about  half  an  inch  in  diameter.  This  upright  is  connected  with  a 
second  upright  by  a  short  horizontal  bottom  piece  which  is  just  the  focal  length 
of  the  glass.  To  the  second  upright  can  be  attached  a  bit  of  card  with  the 
picture  of  the  fundus  of  the  eye  drawn  upon  it. 
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too,  with  the  real  eje  as  well  as  with  the  model,  the  optic  nerve 
being  thrown  up  against  the  opposite  wall,  and  to  all  appearances 
covering  a  wide  extent  of  surface. 

If  we  vary  the  experiment  a  little,  and  draw,  instead  of  the 
fundus,  a  square,  each  side  of  which  is  a  determined  length,  say 
one  line,  and  then  rule  a  sheet  of  paper  with  squares  of  the  same 
dimensions,  we  can  then  have  ocular  proof  of  the  amount  of 
enlargement.  To  do  this  we  have  simply  to  hold  the  model  as 
close  to  our  eye  as  possible,  and  then  to  hold  the  sheet  of  paper 
previously  ruled  into  squares  at  exactly  eight  inches,  since  this 
distance  is  taken  for  the  standard.  If  now  the  experiment  is 
correctly  performed,  and  the  different  measurements  are  likewise 
correct,  we  sliall  see,  by  keeping  both  eyes  open,  that  the  single 
square  seen  by  one  eye,  and  projected  against  the  paper  seen  by 
the  other,  covers  eight  squares  in  each  direction.  Thus,  the 
square  seen  with  the  glass  forms  on  the  retina  the  same  size  image 
as  eight  squares  do  without  the  glass.  The  magnifying  power  of 
the  glass,  therefore,  is  eightfold.  By  moving  the  paper  away 
from  us  we  see  that  .the  single  square,  seen  througli  the  glass, 
covers  always  an  increasing,  while  if  toward  us,  a  decreasing 
number  of  squares. 

We  have  seen  that  with  the  emmetropic  eye  the  enlargement 
is  times,  and  it  remains  to  be  seen  how  this  is  influenced  by 
a  condition  of  ametropia. 

Let  ^  ^  be  present  due  to  the  shortening  of  the  antero-poste- 
rior  axis.  A  convex  \  placed  close  against  the  cornea — the 
distance  between  the  nodal  points  being  neglected — will,  for  all 
practical  purposes,  reduce  the  eye  to  a  condition  of  emmetropia, 
as  rays  leaving  it  would  be  parallel ;  yet  the  lenticular  power,  at 
the  focal  distance  of  which  is  the  retina,  in  each  case,  is  very 
different  from  that  of  the  naturally  emmeti'opic  eye,  for  whereas 
in  the  latter  it  is  equal  to  6.7  lines,  in  the  reduced  hyperme- 
tropic eye  it  is  greater  by  the  lens  which  we  have  added,  and 
equals  -g^T/;/  i;,?  ^i"  reducing  this  last  to  lines,  g-^^  +  J^-  —  ^-.V- 
We  have,  consequently  as  the  enlargement  8"  or  96'"  divided  by 
5.6'".    -I.I  =  17.-1-  times. 

It  would  have  been  the  same  had  II  been  latent  and  corrected 
by  the  accommodation. 
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Suppose  M\  is  present,  caused  by  lengthening  of  the  axis.  It 
would  require  —\  close  to  the  cornea  to  make  the  rays  leave  the 
eye  as  parallel.  The  lenticular  system,  at  tlie  focal  distance  of 
which  the  retina  is,  would  then  be  equal  to  -i^tfr—-^-^r,—\y^.  8^jj-= 

If  in  any  case  it  could  possibly  ha23j)en  that  with  a  normal 
length  of  axis  there  was  a  faulty  condition  of  refractive  power — • 
an  increase  on  the  one  hand  producing  and  on  the  other  a 
decrease  causino^  ZT— then  the  lens  which  restored  the  balance 
would  simply  reduce  the  eye  to  an  ennnetropic  eye,  and  we  should 
have  the  same  enlargement  as  in  the  normal  eye. 

I^ow,  although  all  this  is  exceedingly  simple  in  theory,  it  is  by 
no  means  so  when  we  come  to  apply  it  in  a  practical  manner  and 
to  the  wants  of  the  ophthalmoscope.  For  the  correcting  glass 
cannot  be  applied  directly  against  the  cornea,  neither  can  the 
distance  between  the  nodal  points  be  neglected.  'Nov  can  we 
assume,  as  we  have  done,  that  the  anatomical  conditions  are  the 
same  in  all  eyes  to  such  a  degree  that  the  component  parts  of  the 
fundus — as,  for  example,  the  optic  disk  and  vessels — are  invaria- 
bly the  same  size.  Indeed,  we  are  certain  that  here,  as  elsewhere 
in  the  body,  they  vary  to  a  considerable  amount.  This  would  be 
naturally  expected,  and  would  be  in  accordance  with  the  fact 
that  considerable  variations  occur  in  the  size  of  tlie  image  in  eyes 
which  are  known  to  be  emmetropic. 

Mauthner  is  inclined  to  believe  that  this  difference  in  size  of 
the  image  in  a  normal  eye  may  be  due  to  a  difference  in  the  length 
of  the  antero-posterior  axis,  which  is  counterbalanced  by  a  cor- 
responding increase  or  decrease  in  the  refracting  apparatus  of 
the  eye,  by  which  the  rays  still  issue  as  parallel.  Thus  we 
might  have  a  longer  axis  with  a  weaker,  or  a  shorter  axis  with 
a  stronger  lenticular  power.  The  eye  would,  in  each  case,  be 
emmetropic,  but  the  enlargement  would  be  greater  in  the  lat- 
ter than  in  the  former  case,  and  in  proportion  to  the  degree  of 
shortening. 

Mauthner  has  calculated  that  while  the  enlargement  in  II  =  ^ 
is  17i  times,  the  glass  being  considered  an  integral  part  of  the 
eye,  it  is  in  the  same  degree  of  H  corrected  by  +  3J,  half  an 
inch  from  the  nodal  point,  but  15|  times ;  and  again,  if  corrected 
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by  +  i  one  incli  in  front  of  the  nodal  point  it  is  only  13J 
times. 

From  a  series  of  mathematical  deductions  the  same  author  ar- 
rives at  the  following  general  conclusions.  When  an  anomaly  in 
refraction  is  corrected  by  the  proper  glass  one  inch  from  the 
nodal  point,  we  obtain  with  M  always  a  greater,  and  with  II 
always  a  less,  enlargement  than  with  emmetropia,  while  witli  the 
inverted  image  the  enlargement  is  less  with  il/and  greater  with 
^than  with  K 

As  it  is  out  of  the  scope  of  tliis  practical  work  to  follow  this 
and  similar  subjects  in  all  their  intricacies,  I  would  refer  those 
who  have  the  inclination  and  time  for  the  study  of  such  details  to 
the  admirable  work  of  Mauthner,^  and  to  the  essay  on  the  same 
subject  by  Stammeshaus^  in  Zehender's  Journal. 

The  examination  of  a  myopic  eye  with  a  concave  glass,  which 
is  necessarily  stronger  than  the  degree  of  the  myopia,  since  the 
glass  cannot  be  placed  at  the  nodal  point,  is  on  the  principle  of 
the  Galilean  telescope,  in  which  the  lenticular  system  of  the  eye 
is  the  object-glass,  and  the  lens  behind  the  mirror  the  eye-piece. 
In  such  a  combination  the  stronger  the  eye-piece  the  greater  the 
magnifying  power,  but  the  farther  the  eye-piece  must  be  from 
the  eye. 

If,  for  example,  we  have  a  myopia  of  \,  the  fundus  can  be  seen, 
A  being  relaxed — either  through  —  at  one  inch,  or  —  J  at  two, 
or  —  -J  at  four  inches  from  the  nodal  point  of  the  observed  eye. 
In  each  case  the  fundus  will  be  seen  under  an  increasing  enlarge- 
ment, but  at  the  same  time  with  a  rapidly  decreasing  field  of  view. 

Stammeshaus,^  taking  advantage  of  this  principle,  proposed  to 
reduce  such  eyes  as  were  not  naturally  myopic  to  that  condition 
by  convex  glasses,  and  then  to  view  the  fundus  through  concave 
glasses  of  different  strengths  and  increasing  distances  in  front  of 
the  eye,  according  to  the  amount  of  enlargement  desired.  This 
method,  which  had  already  been  tried  in  this  country  several 
years  before  the  suggestion  of  Stammeshaus  appeared  in  print, 
possesses  theoretical  rather  than  any  practical  merits,  of  which, 

'  Mauthner,  Lehrbueh  der  Ophth.,  ab,  1,  p.  177. 

2  Zehender,  Klin.  Monatsbliitt. ,  Jan. ,  1874,  p.  1. 

3  Loc.  cit. 
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indeed,  it  is  signally  wanting.  Not  only  on  account  of  the  great 
reduction  of  the  field,  hwt  also  from  distortion  of  the  image  and 
from  annoying  reflections  which  arise  from  both  surfaces  of  the 
interposed  convex  glass.  When,  however,  the  myopia  is  natural, 
and  the  pupil  fully  dilated  with  atropine,  the  method  may  be 
occasionally  used  with  advantage,  though  even  here  it  is  better  to 
go  at  once  to  the  inverted  image,  using  a  weak^o1)ject— lens  in  the 
manner  suggested  by  Liebreich,  and  already  described  in  the 
chapter  on  the  use  of  the  inverted  image. 


NEW  MODIFICATIONS  OF  THE  OPHTHALMOSCOPEC  MIRROR. 

Dr.  O.  F.  Wadswortii,  of  Boston,  has  recently  made  an  ingenious 
and  what  promises  to  be  a  useful  addition  to  my  ophthalmoscope. 
This  consists  of  an  additional  mirror,  designed  particularly  for 
the  use  of  the  upright  image  and  the  determination  of  tlie  errors 
of  refraction.  The  mirror  is  circular  in  shape,  and  of  the  same 
focus  as  that  now  ordinarily  used.  The  peculiarity  of  the  mirror 
is  that  it  is  only  fifteen  millimetres  in  diameter.  The  small 
diameter  of  the  mirror  permits  it  to  be  set  at  an  angle  of  twenty 
degrees,  and  yet  allows  the  hole  in  the  mirror  to  be  brought  close 
to  the  glass  in  the  disk.  The  mirror  rotates  from  right  to  left,  so 
that  either  eye  can  be  examined.  The  disadvantages  of  this 
mirror  are,  that  it  is  so  small  that  sufficient  light  is  not  obtained  to 
make  an  examination  by  the  inverted  method,  thus  necessitating 
an  alternate  substitution  of  two  mirrors.  To  avoid  this  necessity, 
and  at  the  same  time  to  get  more  light  for  the  direct  method,  and 
sufficient  for  the  indirect,  and  also  to  obtain  the  advantages  which 
the  inclination  of  the  mirror  gives  in  the  distinctness  of  the  image, 
I  have  adopted  the  following  modifications  of  the  old  mirror, 
suggested  by  Dr.  Wadsworth's  idea  : 

The  first  modification  was  to  keep  the  general  shape  of  the 
mirror  as  it  now  is,  merely  cutting  off  a  segment,  as  shown  in  the 
drawing.  In  this  the  reflecting  portion  is  left  plain,  while  the 
shaded  portion  shows  the  segment  which  has  been  taken  away. 
(Fig.  1.) 
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The  mirror  is  swung  on  two  pins,  a  and  5,  or  made  with  a  hinge 
at  the  point  of  juncture  of  the  mirror  and  the  mirror-case,  that  is, 
the  part  which  is  shaded  in  the  drawings  1  and  2.    This  latter 


b 


Fig  1.  Fig.  2. 

arrangement  permits  the  mirror  to  lie  close  against  the  correcting 
glass  when  an  inclination  is  not  desired.  When  an  inclination  is 
needed,  the  mirror  is  raised  till  it  arrives  at  an  angle  of  20°, 
and  is  here  checked  by  the  hinge.  Fig.  2  represents  the  mirror 
as  seen  in  section.  When  used  for  the  inverted  image  the  mirror 
can  be  folded  back  into  its  case,  when  it  assumes  precisely  the 
same  appearance  as  the  mirror  now  in  use  with  the  exception  of 


Fig.  3.  Fig.  4. 

the  segment  which  has  been  taken  away.  This,  like  Jaeger's  and 
Dr.  Wadsworth's  mirror,  rotates  from  rio-ht  to  left.  With  it  we 
get  abundant  light  for  either  method. 


Refraction  of  the  Eye. 


63 


^  The  second  modification  is  still  simpler,  and  consists  of  cutting 
■off  both  sides  of  the  mirror,  thus  converting  it  into  a  parallelo- 
gram, sixteen  to  eighteen  millimetres  in  breadth,  as  seen  in  Fig.  3. 

This  is  swung  on  two  pivots,  the  inclination  being  20°,  or,  if 
wanted,  25°.  This  mirror  tilts  both  ways  and  does  not  have  to  be 
rotated,  and  can  be  used  perfectly  well  for  both  upright  and 
inverted  image.  As  only  ten  degrees  of  pitch  are  required  within 
the  case  the  one  now  in  use  is  sufliciently  deep. 

I  would  say  that  I  have  used  this  mirror  exclusively  for  the 
past  three  or  four  months  for  all  work,  and  like  it  on  the  whole 
better  than  any  miiTor  that  I  have  ever  worked  with.  It  certainly 
gives  all  the  light  which  is  required  for  the  inverted  image  when 
used  as  it  should  be,  that  is,  for  a  general  survey  of  the  fundus, 
and  not  for  minute  work ;  while  for  the  upright  image  it  has 
many  advantages  over  the  ordinary  mirror,  which,  in  my  mind, 
fai"  outweigh  its  disadvantages  for  the  inverted.  Indeed,  the  fact 
that  the  illumination  is  less  intense  than  with  the  old  mirror  is  as  a 
rule  a  positive  advantage  even  with  the  inverted  image. 

If  more  light  is  needed  this  can  be  obtained  by  making  the 
shaded  portions  in  the  above  drawings  of  mirror  glass.  A  still 
more  elegant  though  more  costly  way  of  obtaining  the  same  result 
is  to  have  a  small  mirror,  circular  in  shape,  and  swung  on  pinions, 
a  and  ^,  Fig.  4,  and  this  surrounded  by  a  concentric  mirror,  so 
that  the  two  together  should  form  a  mirror  both  in  size  and  shape 
like  that  now  used  in  ordinary  ophthalmoscopes.  The  external 
portion  would  of  course  be  set  stationary,  the  central  portion 
tilting  to  the  right  and  left  as  occasion  required.  These  mirrors 
can  be  fitted  to  any  ophthalmoscope,  and  can  be  had  of  Mr.  Hun- 
ter, 1132  Broadway. 

I  would  add  also  that  all  the  instruments  figured  in  this 
pamphlet  can  be  had  now  with  the  metric  system  if  preferred. 
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